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I, REAL PARTY IN INTEREST 

The real party in interest is Northrop Grumman Corporation, the assignee of record. 
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II. RELATED APPEALS AND INTERFERENCES 

None 



2 



HI. STATUS OF CLAIMS 

Claims 1-27 are pending. Non-elected invention, claims 1-20 have been withdrawn. Claims 21- 
27 are rejected. 
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IV. STATUS OF AMENDMENTS 

After Final Amendment filed April 2, 2007, was acknowledged in the Office communication 
mailed September 5, 2007. The amendment was acted upon by the examiner and entered. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 



Independent Claim 21 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. Support for this claim can be found in paragraphs 
[0022M0030] and Figures 2A, 2B, 2C, and 3. 

Independent Claim 22 

A semiconductor structure which has already been etched by releasing a fluoride gas into a 
chamber, whereby an exposed portion of the hard-mask defining a via is etched away, as well as 
a second etching process has already been performed that etched the polymer layer by releasing 
a second fluoride gas into the chamber. This creates the vertical side walls from which a third 
fluoride gas is released into the chamber whereby the hard-mask is etched away and an exposed 
portion of the polymer layer at the via-opening is etched away to create the tapered sidewalis. 
Support for this claim can be found in paragraphs [0022]-[0037] and Figures 2A, 2B, 2C, 3, 4A, 
4B, 5, and 6. 

Claim 23 depending from Claim 22 

A semiconductor structure which has already been etched by releasing a fluoride gas into a 
chamber, whereby an exposed portion of the hard-mask defining a via is etched away, as well as 
a second etching process has already been performed that etched the polymer layer by releasing 
a second fluoride gas into the chamber. This creates the vertical side walls from which a third 
fluoride gas is then released into the chamber whereby the hard-mask is etched away and an 
exposed portion of the polymer layer at the via-opening is etched away to create the tapered 
sidewalis that are at least one-third the depth of the via. Support for this claim can be found in 
paragraphs [0022]-[0037], with emphasis at paragraph [0035], and Figures 2A } 2B, 2C, 3, 4A, 
4B, 5, and 6. 

Claim 24 depending from Claim 22 

A semiconductor structure which has already been etched by releasing a fluoride gas into a 
chamber, whereby an exposed portion of the hard-mask defining a via is etched away, as well as 
a second etching process has already been performed that etched the polymer layer by releasing 
a second fluoride gas into the chamber. This creates the vertical side walls from which a third 
fluoride gas is then released into the chamber whereby the hard-mask is etched away and an 
exposed portion of the polymer layer at the via-opening is etched away to create the tapered 
sidewalis that are up to one half the depth of the via. Support for this claim can be found in 
paragraphs [0022]-[0037], with emphasis at paragraph [0035], and Figures 2A, 2B, 2C, 3, 4A, 
4B, 5, and 6. 
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Independent Claim 25 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. A third fluoride gas is then released into the chamber 
whereby the hard-mask is etched away and an exposed portion of the polymer layer at the via- 
opening is etched away to create the tapered sidewalls. Support for this claim can be found in 
paragraphs [0022]-[0037] and Figures 2A, 2B, 2C, 3, 4A, 4B, 5, and 6. 

Claim 26 depending from Claim 25 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. A third fluoride gas is then released into the chamber 
whereby the hard-mask is etched away and an exposed portion of the polymer layer at the via- 
opening is etched away to create the tapered sidewalls that are at least one-third the depth of the 
via. Support for this claim can be found in paragraphs [0022] -[0037], with emphasis at paragraph 
[0035], and Figures 2A, 2B, 2C, 3, 4A, 4B, 5, and 6. 

Claim 27 depending from Claim 25 

A semiconductor structure is etched by releasing a fluoride gas into a chamber, whereby an 
exposed portion of the hard-mask defining a via hole is etched away. Next, a second etching 
process is performed that etches the polymer layer by releasing a second fluoride gas into the 
chamber. This creates the vertical side walls. A third fluoride gas is then released into the chamber 
whereby the hard-mask is etched away and an exposed portion of the polymer layer at the via- 
opening is etched away to create the tapered sidewalls that are up to one half the depth of the via. 
Support for this claim can be found in paragraphs [0022]-[0037], with emphasis at paragraph 
[0035], and Figures 2A, 2B, 2C, 3, 4A, 4B, 5, and 6. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



(1) Whether claim 22 is unpatentable for being informal. 

(2) Whether claims 21, 22, and 25 are unpatentable under 35 U.S.C. 102(b) as being 
anticipated by Lin (U.S. Patent No. 6,515,369) of record. 

(3) Whether claim 21 is unpatentable under 35 U.S.C. 103(a) over Yu et al. (U.S. Patent No. 
6,004,883) in view of Lin (U.S. Pub. No. 2002/0068441) all of record. 

(4) Whether claim 2 1 is unpatentable under 3 5 U . S . C . 1 03 (a) over Yu et al. (U.S. Patent No . 
6,004,883) in view of the feature not taught by Yu, as an obvious matter of design choice. 

(5) Whether claim 21 is unpatentable under 35 U.S.C. 103(a) over Yu et al (U.S. Patent No. 
6,004,883) in view of the feature not taught by Yu, not being disclosed in the specification 
as either critical in nature or unexpected results arising therefrom. 

(6) Whether claim 21 is unpatentable under 35 U.S.C. 103(a) over Yu et al. (U.S. Patent No. 
6,004,883) in view of the feature not taught by Yu, as within the purview of one having 
ordinary skill in the art. 

(7) Whether claims 23, 24, 26, and 27 are unpatentable under 35 U.S.C. 103(a) over Lin 
(U.S. Patent No. 6,515,369) in view of the feature not taught by Lin, not being disclosed 
in the specification as either critical in nature or unexpected results arising therefrom. 

(8) Whether claims 23, 24, 26, and 27 are unpatentable under 35 U.S.C. 103(a) over Lin 
(U.S. Patent No. 6,515,369) in view of the feature not taught by Lin, as within the 
purview of one having ordinary skill in the art. 
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VII. ARGUMENTS 



(1) Objection of claim 22 for being informal 

Claim 22 was objected to because of the following informalities: line 4 recites: "via- 
opening" and line 8 recites: "via hole". Appellants assert that "via hole" is not recited in claim 
22, therefore, this objection is unworkable. 

(2) Rejection under 35 U.S.C. 102(b^ over Lin (U.S. Patent No. 6.515.369) 

(a) Claim 21 

Claim 21 has been rejected under 35 U.S.C. 102(b) as being anticipated by Lin '369. 
Appellants respectfully traversed this rejection. The Examiner has idealized the drawings in Lin 
to conform to what he believes the invention to be in Lin. Nowhere within Lin does it teach the 
elements of Claim 21. The Examiner cites Figure 5a, however Lin is silent on teaching how to 
achieve this complicated process. Appellants novel process results in a device that has never before 
been accomplished on a sub-micron or micron level. The idealized drawing does not meet the 
requirements of 35 U.S.C. 102(b) because the Appellants invention was not patented or described 
in Lin. A crude drawing in Lin that represents an entirely different concept and invention is being 
used by the Examiner to erroneously reject Appellants invention. 

(b) Claim 22 

Claim 22 has been rejected under 35 U.S.C. 102(b) as being unpatentable in view of Lin 
'369. The Appellants respectfully traversed this rejection. Lin Figure 10 which is cited by the 
Examiner has been idealized by the Examiner into something that it is not. It does not even show 
the elements as claimed in the present invention. 

The apertures formed by Lin, as idealized by the Examiner, are structurally different than 
the vias of Claim 22. The vias of Claim 22 are dimensionally accurate to micron and sub-micron 
levels, having substantially the same diameter throughout the depth of the via other than at the 
tapering at the via-opening. These tapered sidewalls are only etched at the via-opening and are not 
throughout the depth of the via. The rest of the via hole has vertical sidewalls. Lin is silent as to 
the tapering and verticality of the sidewalls of such vias. The Examiner has cited Figure 10, 
however there is no disclosure that there is tapering of the sidewall, much less how to achieve it. 
Appellants invention is unobvious because it presents a novel way to etch vertical sidewalls in a 
via along with a tapered opening, such that via openings are not overlapping and damaging 
adjacent features. This novel process results in a device that has never before been accomplished 
on a sub-micron or micron level. Nowhere within Lin '369 does it teach the elements of Claim 22. 
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(c) Claim 25 



Claim 25 has been rejected under 35 U.S.C. 102(b) as being anticipated by Lin '369. 
Appellants respectfully traverse this rejection. The Examiner has idealized the drawings in Lin 
to conform to what he believes the invention to be in Lin. Nowhere within Lin '369 does it teach 
the elements of Claim 25. Lin Figure 10 which is cited by the Examiner does not even show the 
elements as claimed in the present invention. The Examiner has failed to establish a prima facie 
case for a 35 USC 102(b) rejection, since Lin '369 fails to patent or describe the Appellants 
invention. 

Appellants believe that they have successfully overcome the rejection based on 35 U.S.C. 
102(b) by persuasively arguing that the claims are patentably distinguishable from the prior art. 



(3) Rejection of claim 21 under 35 U.S.C. 103(a) over Yu et al. (U.S. P atent No. 6.004,883) 
in view of Lin (U.S. Pub. No. 2002/0068441) 

Claim 21 has been rejected, under 35 U.S.C. § 103(a) as being unpatentable over Yu et al 
(U.S. Patent No. 6,004,883) in view of Lin (U.S. Pub. No. 2002/0068441). The Appellants 
respectfully traverse this rejection. 

Addressing the cited art, Yu merely teaches a method for forming a via whereby the 
resulting aperture comprises a second trench corresponding with a first trench and at least a 
portion of a first via. The method taught by Yu is unable to etch a deep via hole having 
substantially the same diameter throughout the depth of the via. As stated in Yu at col 4 lines 48- 
50, "The aperture comprises :(1) a second trench corresponding with the first trench; and (2) at 
least a portion of the first via." The aperture that results is staggered and does not have smooth 
vertical sidewalls. There is absolutely no consistent verticality of the walls of the via hole, as can 
be seen in the figures. This results in an entirely different device than that claimed in the present 
invention. The vias of Claim 21 are dimensionally accurate micron and sub-micron via holes of 
substantially the same diameter throughout the depth of the via hole due to the prescribed method 
of the present invention. The via hole that is produced has vertical side walls, see paragraphs 
[0026] and [0036] for support. There is no teaching, showing or suggestion of verticality of the 
sidewalls of the via hole in Yu which would result in the present invention's via hole having 
substantially the same diameter throughout the depth of the via hole. The present invention is 
unobvious in view of Yu. 

Lin may disclose a via with an aspect ratio greater than one, however there is no teaching, 
showing or suggestion of vertical sidewalls of the via hole which would result in a via hole having 
substantially the same diameter throughout it's depth. Since Yu does not make the present 
invention obvious for the reasons stated above, adding Lin merely for the aspect ratio would still 
not accomplish the structure of the claimed device. 
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There is no suggestion, teaching or motivation found in the references to practice Appellants 
claimed invention. See Ex parte Clapp, 227 USPQ 972, 973 (Bd. Pat. App. & Inter. 1985) ("To 
support the conclusion that the claimed invention is directed to obvious subject matter, either the 
references must expressly or impliedly suggest the claimed invention or the Examiner must present 
a convincing line of reasoning as to why the artisan would have found the claimed invention to have 
been obvious in light of the teachings of the references."). Even if the Examiner' s position regarding 
the art were taken as correct, he has failed to point out where there is a suggestion or motivation to 
combine these references. Since there was no suggestion or motivation in the references, success 
cannot be expected to achieve what the Examiner believes is disclosed in these references. 
Additionally, the level of skill in the art cannot be relied upon to provide the suggestion to combine 
references. Al-Site Corp. v. VSUnt'lInc, 1 74 F.3d 1 308, 50 USPQ2d 1 161 (Fed. Cir. 1999). Finally, 
the prior art reference (or references when combined) must teach or suggest all the claim limitations. 
There is no teaching or suggestion in the cited art of each of Appellants process and device elements, 
which the Examiner points to. Therefore, a prima facie case of obviousness has not been proven. 
Appellants respectfully request that this ground for rejection on this basis be withdrawn and that 
Claim 21 be passed to allowance. 

(4) Rejection of claim 21 under 35 U.S.C. 103(a) over Yu etal. (U.S. Patent No. 6.004,883) 
in view of the feature not taught by Yu, as an obvious matter of design choice 

Appellants have traversed the Examiner's rejection as an obvious matter of design choice to 
define a via having an aspect ratio greater than 1 . The size modifications within this technology field 
are cutting edge and continually evolving, that is the field of art, to create more precise 
semiconductor devices. The Examiner has failed to cite any art which can support his argument. 
Under 37 CFR 1.113, official notice without documentary evidence to support an Examiner's 
conclusion should be rare, especially when an application is under final rejection. Official notice 
unsupported by documentary evidence should only be taken by the Examiners where the facts 
asserted to be well-known, or to be common knowledge in the art, are capable of instant and 
unquestionable demonstration as being well-known. Appellants assert that instant and 
unquestionable demonstration of this knowledge is not present here. Therefore, the Examiner has 
not made a prima facie case of obviousness. 

(5) Rejection of claim 21 under 35 U.S.C. 103(a) over Yu etal. (U.S. Patent No. 6.004.883) 
in view of the feature not taught bv Yu. not being disclosed in the specification as either 
critical in nature or unexpected results arising therefrom 

In response to the Examiner stating that there is no disclosure of either the critical nature 
of the claimed aspect ratio of greater than 1 or any unexpected results arising therefrom, the 
Appellants respectfully traversed this argument presented by the Examiner. Disclosure can be 
found at paragraph [0026] of the specification. 
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(6) Rejection of claim 21 under 35 U.S.C. 103(a) over Yu etal. (U.S. Patent No. 6.004.883) 
in view of the feature not taught bv Yu. as within the purview of one having ordinary skill 
in the art 



Appellants traversed the rejection that the novel process that results in the claimed structure 
would involve a mere change in the size of a component, and that such change is generally 
recognized as being within the level of ordinary skill in the art. 

The Examiner is held to the same standards as the Board of Patent Appeals. Precedent case 
law dictates that "the Board cannot simply reach conclusions based on its own understanding or 
experience - or on its assessment of what would be basic knowledge or common sense. Rather, the 
Board must point to some concrete evidence in the record in support of these findings." Zurko, 258 
F.3d at 1 385, 59 USPQ2d at 1697. The Examiner has failed to cite any art which can support this 
argument of being generally recognized within the level of ordinary skill in the art at the time the 
invention was filed. 

(7) Rejection under 35 U.S.C. 103(a) over Lin (U.S. Patent No. 6.515.369) in view of the 
feature not taught bv Lin, not being disclosed in the specification as either critical in 
nature or unexpected results arising therefrom 

(a) Claims 23 and 24 

In response to the Examiner stating that there is no disclosure of either the critical nature 
of the claimed extending of the tapered sidewall in the range from one-third to one half or any 
unexpected results arising therefrom, the Appellants have respectfully traversed this argument 
presented by the Examiner. On the contrary, notwithstanding In re Saunders, 444 F.2d 599, 607, 
170 USPQ 213 } 220 (CCPA 1971), from the beginning the Appellants have supported this claim in 
the specification at paragraphs [0026], [0032], and [0035] . The Examiner is failing to understand the 
technology and where in the specification disclosure can be found. 

(b) Claims 26 and 27 

Similarly in response to the Examiner stating that there is no disclosure of either the 
critical nature of the claimed extending of the tapered sidewall in the range from one-third to one 
half or any unexpected results arising therefrom, the Appellants have respectfully traversed this 
argument presented by the Examiner. Disclosure can be found at [0026], [0032], and [0035] of 
the specification. 

(8) Rejection under 35 U.S.C. 103(a) over Lin (U.S. Patent No. 6.515.369) in view of the 
feature not taught by Lin, as within the purview of one having ordinary skill in the art 

(a) Claims 23 and 24 
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Appellants have traversed that the novel process that results in the claimed structure would 
involve a mere change in the size of a component, and that such change is generally recognized 
as being within the level of ordinary skill in the art. The Examiner has failed to cite any art which 
can support this argument of being generally recognized within the level of ordinary skill in the 
art at the time the invention was filed. Appellants refer to the above arguments in paragraph (6). 

(b) Claims 26 and 27 

Appellants have traversed that the novel process that results in the claimed structure would 
involve a mere change in the size of a component, and that such change is generally recognized 
as being within the level of ordinary skill in the art. The Examiner has failed to cite any art which 
can support this argument of being generally recognized within the level of ordinary skill in the 
art at the time the invention was filed. Appellants refer to the above arguments in paragraph (6). 




Respectfully Submitted, 



Theresa J. Wasilausky 
53,746 
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CLAIMS APPENDIX 



1 . (Withdrawn) A via etching process for a polymer layer deposited on a semiconductor 
substrate comprising said steps of: 

placing a hard-mask on said polymer layer; 
placing a photoresist mask on said hard-mask; 

releasing a first fluoride gas into a chamber to etch a hard-mask opening for defining said 
via hole; and 

releasing a second fluoride gas into said chamber to etch an exposed portion of said 
polymer layer defining said via hole with vertical sidewalls. 

2. (Withdrawn) A via etching process as recited in Claim 1, wherein said first fluoride gas 
comprises trifluoromethane and argon. 

3. (Withdrawn) A via etching process as recited in Claim 1, wherein said first fluoride gas 
comprises a volume ratio of one part trifluoromethane to one part argon. 

4. (Withdrawn) A via etching process as recited in Claim 1, wherein said step of releasing 
first fluoride gas further includes applying bias power within the range of approximately 
25 Watts to approximately 32 Watts. 

5. (Withdrawn) A via etching process as recited in Claim 1, wherein said step of releasing 
first fluoride gas further includes applying pulse-modulated power comprising inductively 
coupled plasma power within the range of approximately 725 Watts to approximately 755 
Watts. 

6. (Withdrawn) A via etching process as recited in Claim 1, wherein said said step of 
releasing first fluoride gas further includes for approximately three to seven minutes doing 
all the following: applying a first fluoride gas comprising an equal ratio of 
trifluoromethane and argon, applying a pressure of approximately lOmilli-Torr, applying 

5 a temperature of approximately 20 degrees C, applying pulse-modulated power comprising 

inductively coupled plasma power within the range of approximately 725 Watts to 
approximately 755 Watts, and applying bias power within the range of approximately 25 
Watts to approximately 32 Watts. 

7 . (Withdrawn) A via etching process as recited in Claim 1 , wherein said second fluoride gas 
comprises Sulfur Hexafluoride and Oxygen. 

8. (Withdrawn) A via etching process as recited in Claim 1, wherein said second fluoride gas 
comprises Sulfur Hexafluoride and Oxygen, wherein said volume ratio of gases is 1 part 
Sulfur Hexafluoride to 3 parts Oxygen. 
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(Withdrawn) A via etching process as recited in Claim 1 , wherein said polymer layer 
etching step further comprises applying bias power within the range of approximately 57 
Watts to approximately 62 Watts. 

(Withdrawn) A via etching process as recited in Claim 1, wherein step of releasing a 
second fluoride gas further includes applying pulse-modulated power comprising 
inductively coupled plasma power within the range of approximately 475 Watts to 
approximately 505 Watts. 

(Withdrawn) A via etching process as recited in Claim 1 , wherein step of releasing a 
second fluoride gas further includes for approximately one and half minutes to six minutes 
doing all the following: applying a second fluoride gas comprising Sulfur Hexafluoride and 
Oxygen, wherein said ratio of gases is 1 part Sulfur Hexafluoride to 3 parts Oxygen with 
an associated pressure of approximately 5 milli-Torr, applying temperature of 
approximately 20 degrees C, applying pulse-modulated power comprising inductively 
coupled plasma power with the range of approximately 475 Watts to approximately 505 
Watts, and applying bias power comprising a bias power with the range of approximately 
25 Watts to approximately 32 Watts. 

(Withdrawn) A via etching process as recited in Claim 1 , wherein said polymer layer is 
benzocyclobutene polymer. 

(Withdrawn) A via etching process as recited in Claim 1 , wherein said polymer layer is 
a material with a dielectric constant less than 3. 

(Withdrawn) An etch process as recited in Claim 1, wherein said semiconductor substrate 
is chosen from the group consisting of Indium Phosphide and Gallium Arsenide. 

(Withdrawn) A via etching process for a polymer layer on a semiconductor substrate 
comprising the steps of: 

placing in a chamber said semiconductor substrate including a polymer layer 
defining a sub-micron wide via-opening deposited on said semiconductor substrate, and a 
hard-mask defining said sub-micron wide via-opening deposited on said polymer layer; 

releasing a third fluoride gas into said chamber; 

applying bias power within the range of approximately 105 Watts to approximately 
120 Watts; 

applying pulse-modulated power within the range of approximately 725 Watts to 
approximately 755 Watts; 

pressurizing said third fluoride gas within a range of approximately 5 milli-Torr to 
approximately 20 milli-Torr; and 

continuing the above steps until etching said hard-mark and an exposed portion of 
said polymer layer proximal to said sub-micron wide via-opening creating tapered 
sidewalls. 
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16. (Withdrawn) A via etching process as recited in Claim 15, wherein said third fluoride gas 
comprises trifluorome thane and argon. 



17. (Withdrawn) A via etching process as recited in Claim 15, wherein said third fluoride gas 
comprises a volume ratio of one part trifluoromethane to one part argon. 

18. (Withdrawn) A via etching process as recited in Claim 15, wherein said continuing the 
above steps within the range of approximately three minutes to approximately seven 
minutes. 

19. (Withdrawn) A via etching process as recited in Claim 15, wherein said polymer layer is 
benzocyclobutene polymer. 

20. (Withdrawn) A via etching process as recited in Claim 15, wherein said polymer layer is 
a material with a dielectric constant less than 3 and has an etch rate 10 times slower than 
that of said hard-mask layer. 

21 . (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing a hard-mask on a polymer layer; 
placing a photoresist mask on said hard-mask; 

releasing a first fluoride gas into a chamber to etch a hard-mask opening for defining a via 
hole; and 

releasing a second fluoride gas into said chamber to etch an exposed portion of said 
polymer layer defining said via hole with at least one vertical sidewall, 

whereby the via hole comprises an aspect ratio which is greater than 1, and is of 
substantially the same diameter throughout the depth of the via hole. 

22. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing in a chamber a semiconductor substrate including a polymer layer defining a sub- 
micron wide via-opening deposited on said semiconductor substrate, and a hard- 
mask defining said sub-micron wide via-opening deposited on said polymer layer; 
whereby the via comprises an aspect ratio which is greater than 1, and is of 
substantially the same diameter throughout at least one-half the depth of the via; 

releasing a third fluoride gas into said chamber to etch said hard-mask and an 
exposed portion of said polymer layer proximal to said sub-micron wide via- 
opening thereby creating at least one tapered sidewall within a via. 

23. (Previously Presented) A device as recited in Claim 22 wherein the via includes a tapered 
sidewall extending at least one-third of the depth thereof. 
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24. (Previously Presented) A device as recited in Claim 22 wherein the via includes a tapered 
15 sidewall extending up to one-half of the depth thereof. 



25. (Previously Presented) A device including a via produced by the process comprising the 
steps of: 

placing a hard-mask on a polymer layer; 
20 placing a photoresist mask on said hard-mask; 

releasing a first fluoride gas into a chamber to etch a hard-mask opening for 
defining a via hole; 

releasing a second fluoride gas into said chamber to etch an exposed portion of said 
polymer layer defining said via hole with at least one vertical sidewall and 
25 a sub-micron wide via-opening; 

whereby the via hole comprises an aspect ratio which is greater than 1 , and is of 
substantially the same diameter throughout at least one-half the depth of the via hole; 

releasing a third fluoride gas into said chamber to etch said hard-mask and an 
exposed portion of said polymer layer proximal to said sub-micron wide via-opening thereby 
30 creating at least one tapered sidewall within a via hole. 

26. (Previously Presented) A device as recited in Claim 25 wherein the via includes a tapered 
sidewall extending at least one-third of the depth thereof. 

27. (Previously Presented) A device as recited in Claim 25 wherein the via includes a tapered 
sidewall extending up to one-half of the depth thereof. 
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(57) ABSTRACT 

The present invention extends the above referenced 
continuation-in-part application by in addition creating high 
quality electrical components, such as inductors, capacitors 
or resistors, on a layer of passivation or on the surface of a 
thick layer of polymer. In addition, the process of the 
] i ii i s a method for moumin discrete electrical 
components at a signilk m tan remove from Hi 
underlying silicon surface. 

10 Claims, 11 Drawing Sheets 
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HIGH PERFORMANCE SYSTEM -ON-CHIP 
USING POST PASSIVATION PROCESS 

This is a division of patent application Scr. No. 09/970, 
005, filing date Oct. 3, 2001, High Performance System S 
On-Ohip Post Passivation Process, assigned to the same 
assignee as the present invention of attorney docket 
M ' j 1 t 1 008, Ser. No. 09/970,005 filing date Oct. 3, 2001, 
which is a continuation-in-part of attorney docket 
M.SllN' 002C, Scr. No. 09/251,18 Mil c hi lei 17, id 
1999, which is a continuation-in-part of attorney docket 
MSLIN98-002, Ser. No. 09/216,791, filing date Dec, 21, 
1998 assigned to common assignee. 

BACKGROUND OF THE INVENTION is 

(1) Field of the Invention 

The invention relates to the manufacturing of high per- 
formance Integrated Circuit (IC's), and, more specifically, to 
pi 3 1 1 i k ilin in i 1 ill ma e electrical component 
(such as an inductor) on the surface of a semiconductor 
substrate by reducing the electromagnetic losses that are 
typically incurred in the surface of the substrate. 

(2) Description of the Prior Art 

The continued emphasis in the semiconductor technology 2S 
is to create improved performance semiconductor devices at 
competitive prices. This emphasis over the years has 
resulted in extreme miniaturization of semiconductor 
devices, made possible by continued advances of semicon- 
ductor processes and materials in combination with new and 3U 
sophisticated device designs. Most of the semiconductor 
devices that are at this time being created are aimed at 
processing digital data. There are however also numerous 

im'c i i desi dial an med at incot t ling « i 
log functions into devices that simultaneously process digi- 35 
lal and analog data, or devices that can be used for she 
processing of only analog data. One of the major challenges 
in the creation of analog processing circuitry (using digital 
processing piocci c! equip! u) is tnat a number of 

the components that are used for analog circuitry are large 40 
in size and are therefore not readily integrated into devices 
that typically have feature sizes thai approach the sub- 
nicron range Hi 1 < mponent that ft'ei 1 challenge in 
this respect are capacitors and inductors, since both these 
components are, for typical analog processing circuits, of 45 
considerable size. 

A typical application for inductors of the invention is in 
the field of modern mobile communication applications that 
make use ofcompa l.higl 1 piency eqi pmetit Continued 
improvements in the performance characteristics of this so 
equipment has over the years been achieved, further 
improvements will place continued emphasis on lowering 
the power consumption of the equipment, on reducing the 
size of the equipment, on increasing the operational fre- 
quency of tin i] li it i 1 nele iling low noise levels 55 
One of Hie main applications of semiconductor devices in 
the field of mobil - n 1 uni< it ion is the creation of Radio 
Frequency (RE) amplifiers. RE amplifiers contain a number 
of standard components, a major component of a typical RF 
amplifier is a tuned circuit that contains inductive and 00 
capacitivo components. Tuned circuits form, dependent on 
and determined by the values of their inductive and eapaci- 
iivc components, an impedance that Is frequency dependent, 
enabling the tuned circuit to either present a high or a low 
impedance for signals of a certain frequency. The tuned 65 
circuit can therefore either reject or pass and further amplify 
components of an analog signal, based on the frequency of 



that component. The tuned circuit can in this maimer be used 
as a filter to filter out 01 ren 1 1 1 i I certair frequen- 

cies or to remove noise from a circuit configuration that is 
aimed at proc ssin dog signal Hi tuned circuit can 
also be used to f( t high elect 1 imt lane > ng 
EC resonance of the circuit and to thereby counteract the 
elfccts of parasitic capaci tnc< Ibalarei irt of a circuit. One 
of the problems that is encountered when creating an induc- 
tor on the surface of a sent 1 ■< 11 1 substrate is that the 
self-resonance that is caused by the parasitic capacitance 
between the (spiral) inductor and the underlying substrate 
will limit the use of the inductor at high frequencies. As part 
of the design of such an inductor it is therefore of importance 
to reduce the capacilive coupling between the created induc- 
tor and the underlying substrate. 

At high frequencies, the electromagnetic field that is 
generated by the inductor induces eddy currents in She 
underlying silicon substrate. Since the silicon substrate is a 
resistive conductor, the eddy currents will consume electro- 
magnetic energy rc tltir g in significant energy loss, result- 
ing in a low Q capacitor. This is the main reason for a low 
Q value of a capacitor, whereby the resonant frequency of 
1N(LC) limits the upper boundary of the frequency. In 
addition, the eddy currents that are induced by the inductor 
will interfere witli the performance of circuitry that is in 
close physical proximity to the capacitor. 

It has already been pointed out (hat one of the key 
components that are used in creating high frequency analog 
semiconductor devices is the inductor that forms part of an 
IX resonance circuit. In view or the high device density that 
is typically encountered in semiconductor devices and the 
therefrom following intense use of the substrate surface area, 
the creation of the inductor must incorporate the minimiza- 
tion of the surface area that is required for the inductor, 
while at the same time maintaining a high Q value for the 
inductor. Typically, inductors that are created on the surface 
of a substrate are of a spiral shape whereby the spiral is 
created n a plane thai t 1 1 li pi nc oS the 1 rl ic 
of the substrate. Conventional methods that are used to 
create the inductor on the surface of a substrate suffer several 
limitations. Most high Q inductors form part of a hybrid 
device configuration or of Monolithic Microwave Integrated 
Circuits (MMIC's) or are created as discrete components, 
the creation of which is not readily integratable into a typical 
process of Integrate! Cii it na il cturinj It i lear Ilia 
by combining the creation on one semiconductor monolithic 
substrate of circuitry that is aimed at the functions of analog 
data mi nip nation and inaiog la 1 si ige with the functions 
of digital data manipulation and digital data storage, a 
number of significant advantages can be achieved. Such 
advantages include the reduction of manufacturing costs and 
the reduction of power consumption by the combined func- 
tions. The spiral form of the inductor that is created on the 
surface of a semiconductor substrate however results, due to 
the physical size of the inductor, in parasitic capacitances 
between the inductor wiring and the underlying substrate 
and causes electromagnetic energy losses in the underlying 
resistive silicon sul irate flies irasil capacitances hav< 
a serious negative effect on the functionality of the created 
LC circuit by sharph ducingih ir 1 r cy of resonanceof 
the tuned circuit of the application. More seriously, the 
inductor generated electromagnetic field will induce eddy 
currents in the tin erl ,1 rt istive lii msu stral iu tag 
a significant energy loss that results in low Q inductors. 

The performance parameter of an inductor is typically 
indicated is the Quality (Q) factor of the inductor. The 
quality factor Q of an inductor is defined as Q-Es/El, 
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wherein Es is th enci I us stored in the reactive portion 
of the component while El is the energy that is lost in the 
reactive portion of the component. The higher the quality of 
he component, ihc closer tl 1 ic of th i 
in .,' ippn v i s zero while the Q factor of the component 5 
ipp 1 c h> " 1 liH 1 % Fo indti > lhal in rea d verlyir 
a silicon substrate, the elcclromagnclic energy that is created 
by the inducloi fill prim lost in th > iv« silicon 

of the underlying substrate and in the metal lines that are 
created to form the inductor. The quality factor for compo- 10 
nents differs from the quality that is associated with filters or 
resonators. For components, the quality factor serves as a 
measure of the purity of the reactance (or the susceptance) 
of the component, which ca n be degraded due to the resistive 
silicon substrate, the resistance of the metal lines and 15 
dielectric losses. In an actual configuration, there are always 
some physical resistors that will dissipate power, thereby 
decreasing the power that can be recovered. The quality 
factor Q is dimension less. A Q value of greater than 100 is 

idered or) 1 igh 1 11 li cti in lu toi that rt roou it d 20 

on the surface of Printed Circuit Boards. For inductors that 
form par! of an integrated circuit, the Q value is typically in 
the range between about 3 and 10. 

In creating an inductor on a monolithic substrate on which 
additional semiconductor devices are created, the parasitic 25 
capacitances that occur as part of this creation limit the 
upper bound of the cut-olf frequency that can be achieved 
for the inductor using conventional silicon processes. This 
limitation is, for many applications, not acceptable. Depen- 
dent 1 "requen y it which I he 1 ,< circuil sd signed 10 30 

resonate, significantly largci valu s oi q n lily factor, such as 
for instance 50 or more, must be available. Prior Art has in 
this been limited to creating values of higher quality factors 
as separate units, and in intcg) tti g these sepasat units with 
n 1(1 nixliens. This neg 1 I 1 1 

tages that can be obtained when using the monolithic 
construction of creating both the inductor and the surround- 
ing devices on one and the s mie > r >i ind or substrate 
The non-monolithic approach also has the disadvantage that 
additional wiring is required to interconnect the sub- 40 
components of the assembly, thereby again introducing 
additional parasitic capacitances and resistive losses over the 
interconnecting wiring network. For many of the applica- 
tions of a RF amplifier, such as portable battery powered 
applications, power consumption is at a premium and must 45 
therefore be as low as possible. By raising the power 

sin in icefl t f 1 1s.i1 tances and 1 

live power loss can be partially compensated, but there arc 
limitations to even this approach, these problems lake on 

, 2, ici ui! 11 , 1 H r i ] 1 1 11 11 1 ' irel SO 
applications, such as portable telephones and the like. Wire- 
less communication is a rapidly expanding market, where 
the integration of RF integrated circuits is one of the most 
important challenges. One of the approaches is to signifi- 
cantly increase thi. an in fop lion 1 for instance the 55 
range of 10 to 100 GHz. For such high frequencies, the value 
of the quality factoi obi lined from silicon-b ised inductors is 
mly degraded n lit in th s frequency 

range, monolithic inductors have been researched using 
other than silicon as the base for the creation of the indue- so 
tors. Such monolithic inductors have for instance been 
created using sapphire or GaAs as a base. These inductors 
have considerable i. < t sul trat 1 s than their silicon 
counterparts (no eddy current, hence no loss of elcclromag- 
nclic cne I ind 1 re) 11 ; ovide much higher 0 indue- i>5 
lore. Furthermore, they have lower parasitic capacitance and 
therefore provide higher frequency operation capabilities. 



Where however more complex applications arc required, the 
need still exists to create inductors using silicon as a 
substrate. For those applications, the approach of using a 
base material other than silicon has proven to be too cum- 
bersome while for instance GaAs as a medium for the 
creation of semiconductor devices is as yet a technical 
challenge thai needs to be addressed. It is known that GaAs 
is a semi-insulating material at high frequencies, reducing 
the electromagnetic losses that are incurred in the surface of 
the GaAs substrate, thereby increasing the O value of the 
inductor created on the GaAs surface. GaAs RF chips 
however are expensive, a process thai can avoid the use of 
GaAs RF chips therefore offers the benefit of cost advantage. 

A number of different approaches have been used to 
incorporate inductors into a semiconductor environment 
without sacrificing device performance due to substrate 
losses. One if the ppi iches has been to selectively 
remove (by etching) the silicon underneath the inductor 
(using methods of micro machining), thereby removing 
substrate resistive energy losses and parasitic effects. 
Another method has been to use multiple layers of metal 
(such as aluminum) interconnects or of copper damascene 



Other approaches have used a high resistivity silicon 
substrate thereby reducing resistive losses in the silicon 
substrate. Resistive substrate losses in (he surface of the 
underlying substrate form a dominant factor in determining 
the Q value of silicon inductors. Further, biased wells have 
been proposed underneath a spiral conductor, this again 
aimed at reducing inductive losses in the surface of the 
substrate. A more complex approach has been to create an 
active inductive component that simulates the electrical 
properties of an inductor as it is applied in active circuitry. 
This latter approach however results in high power con- 
sumption by the simulated inductor and in noise perfor- 
mance that is unacceptable for low power, high frequency 
applications. All of these approaches have as common 
objectives to enhance the quality (O) value of the inductor 
and to reduce the surface area that is required for the creation 
of the inductor. The mosl important consideration in this 
respect is the electromagnetic energy losses due to the 
electromagnetic induced eddy currents in the silicon sub- 
strate. 

When the dimensions of Integrated Circuits arc scaled 
down, the cost per die is decreased while some aspects of 
performance are improved. The metal connections which 
connect the Integrated Circuit to other circuit or system 
components become of relative more importance and have, 
with the further miniaturization of the EC, an increasingly 
negative impact on circuil performance. The parasitic 
capacitance and resistance of the metal interconnections 
increase, which degrades the chip performance significantly. 
Of most concern in this respi uslh \ ihagi di , al ngiln 
power and ground buses and the RG delay of the critical 
signal paths. Attempts to reduce (he resistance by using 
wider metal lines result in higher capacitance of these wires. 

Current techniques for building an inductor on the .surface 
of a semiconductor substrate use line-line techniques 
whereby Shi jndu 1 d under a layer of passn ition 

This however implies close physical proximity between the 
created inductor a I il lit! irate over which 
the inductor has been created (typically less than 10 ftm), 
resulting in high electro-magnetic losses in the silicon 
substrate which in turn results' in reducing the Q value of the 
1 1 icr ing lie distance between the ii 1 1 1 

and the semiconductor surface, the electromagnetic field in 
the silicon substrate will be reduced in reverse proportion to 
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the distance, the Q value of the inductot can be increased. By 
therefore creating the inductor overlying the layer of passi- 
vation (by a post passivation process) and by, in addition, 
creating the inductor on the surface of a thick layer of 
dielectric (such as a polymer) that is deposited or adhered 
over the surface of a layer of; ssivation, the Q value of the 
inductor can be increased. In addition, by using wide and 
thick metal for the creation of Hie induclor, the parasitic 
resistance is tedu Led Ti^ roc 1 I invention applies 
these principles of posl passivation inductor creation while 
the inductor is created on a thick layer of dielectric, using 
thick and wide metals. 

U.S. Pal. No. 5,212,403 (Nakanishi) shows a method of 
forming wiring connections both inside and outside (in a 
wiring substrate over the chip) for a logic circuit depending 
on the length of (he wire connect ions. 

U.S. Pal. No. 5,501,006 (Gehman, Jr. et al.) shows a 
ure with an insulating layer between the integrated 
it (IC) and the wiring substrate. A distribution lead 
is the bonding pads of the IC to the bonding pads of 
Ihe substrate. 

U.S. Pat. No. 5,055,907(Jacobs) discloses an extended 
integration semiconductor structure that allows manufactur- 



tor or a resist i ui layci f j ival i or on the s i tu 
of a thick layer of dielectric. In addition, the process of the 
invention provides a method for mounting discrete passive 
electrical component ' inil ntdis nice removed from 
the underlying silicon surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows a cross section of the interconnection 
scheme of the referenced continuation-in-part application 
o invention. 

PIG. 2 shows a cross section of an extension of the 
referenced continuation-in-part application whereby an 
inductor has been created on the surface of a thick layer of 
polyimide. 

5 FIG. 3 shows a top view of an inductor that is created 
following the process of the invention. 

PIG. 4 shows ! i ( issso lion of a substrate and overlying 
layers, an induclor has been created on the surface of a thick 
layer of polyimide, a layer of ferromagnetic material has 
0 been added to further insulate the inductor from the under- 
lying silicon substrate. 

FIG. 5a shows a cross section of a simplified version of 
the substrate and the layers that are created on the surface of 



-:■ integral 



try beyond the chip boundaries by 25 the substrate using the processes of the referenced 



forming a thin film multi-layer wiring decal on Ihe support 
substrate and over ihe chip. However, this reference differs 
from the invention. 

U.S. Pat. No. 5,106,461 (Volfson ct al.) leaches a multi 
layer interconnect structure of alternating polyimide 
(dielectric) and metal layers over an IC in a TAB structure. 

U.S. Pal. No. 5,635,767 (Wenzcl el al.) teaches a method 
for reducing RC delay by a l'BGA that separates multiple 
metal layers. 

U.S. Pal. No. 5,686,764 (Fulcher) shows a flip chip 35 b V creating 
si:-v, ll:. : reduces RC dr hv separating the powvi and 
I/O traces. 

U.S. Pat. No. 6,008,102 (Alford el al.) shows a helix 
induclor using two metal layers connected by vias. 

U.S. Pat. No, 5,372,967 (Suiidaram ct al.) discloses a 
helix inductor. 

U.S. Pal. No. 5*576,680 (Ling) and U.S. Pat. No. 5,884, 
990 (Burghartz et al.) show other helix' inductor designs. 

SUMMARY OF THE INVENTION 

It is the primary objective of the invention to improve the 
RF performance of High Performance Integrated Circuits. 

Another objective of the invention is lo provide a method 
for the creation of a high-Q inductor. 

Another objective of the invention is to replace Ihe GaAs 
chip with a silicon chip as a base on which a high-Q inductor 
is created. 

Yet another objective of the invention is to extend the 55 has been created on ihe surface of the layer of passivation, 
frequency range of the inductor that is created on the surface ' FIG. 9 shows a cross section of a substrate on the surface 
of a silicon substrate, of which has been deposited a layer of passivation over 

It is yet another objective of the invention to create high which a thick layer of polyimide has been deposited, a 
quality passive electrical components overlying the surface resistor has been created on the surface of the thick layer of 
of a silicon substrate. 60 polyimide. 

The above referenced continualion-in-parl application FIG. 10 shows a cross sc 

adds, in a post passivation processing sequence, a thick layer surface of which a discret 
if dieted! vet c f passivaii nam layers of wide mounted, contact balls < 

md thick metal li i | i th i 1 lectric ) the substrate and the elecirica 1 I i ' 

The present invention extends the above referenced r>s significant value, a thick layer of polyimide has been used, 
conlinuation-in-parl application by in addition creating high FIG. 11 shows a cross section of a silicon substrate on the 

quality eleclrical components, such as an inductor, a capaci- surface of which a discrete electrical component has been 



conliniialioii-iii-parl application. 

FIG. Sb shows Ihe cross section of FIG. 5a, an inductor 
has been added above the layer of passivation. 

FIG. 6u shows a cross section of a substrate on the surface 
of which has been deposited a layer of passivation, a 
capacitor has been created on Ihe surface of the layer of 
passivation. 

FIG. 6b shews a three crimen oi l iew of an inductor 
that has been created on the surface of a layer of passivation 
in a thick layer of polymer. 
IG. 6c shows a Ihree-dimi nsional i iew of an inductor 
that has bee:- created in a '.hick layer of polymer that has 
been deposited or. the surface of a thick layer of polyimide. 
FIG. 6d shows a top view of the layer 20 on the surface 
1,0 of which an inductor has been created. 

FIG. 6e shows a cross section of the structure of FIG. 6d 
taken along the line 6e~6e' of FIG. 6d. 

FIG. 6/ shows a three dimensional view of an inductor 
that has been created on the surface ol i [ ion 

45 the Phi Inductor has the shape of a solenoid. 

FIG. 6 shows a lop view of the inductor of FIG. 6f. 
FIG. 7 shows a cross section of a substrate on the surface 
of which has been deposited a layer of passivation over 
which a thick layer of polyimide has been deposited, a 
capacitor has been created on the surface oi" the thick layer 
of polyimide. 

FIG. 8 shows a cross section of a substrate ou the surface 
of which has been deposited a layer of passivation, a resistor 



:ction of a silicon substrate on the 
e electrical component has been 
; used whereby the clislan 
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mounted, thick contact balls are used whereby the distance The above referenced material that is usee! for the depo- 

between the ubslra the clt ri 1 omTwnenl is of a sition of layer 20 is polyiinid. the ni ml that can be used 

, ool I 'in le has I ,i i I'oi this 1 . , < i 1 m < 1 i J i but eontait 

of the known polymers, (Sia v C) v ). Tiit indi ncd \ yi nd< 

DESCRIPTION OF THE PREFERRED ; is the preferred material 1 I i d for the processes of the 

EMBODIMENTS invention for the thick layer 20 of polymer. Examples of 
2 mers that l be u rc silicons, c llu i 

The referenced continuation-in-pai pj lion l chc rk] v , , ku II i j lycarbonate (PC), 

an Integrated Circuit structure where re-distribution and ^j^, „ >>, j h , u. ( pO) poly polooxide (PPO), 

interconnect metal layers are created in layers of dielectric ben'/oeyclobutenc (BCB). 

on the surface of a conventional IC. A layer of passivation 1 Electrical contact with the contact points 16 can now be 

is deposited over the dielectric of the re-distribu!ion and established by filling the openings 22/36/38 with a condue- 

interconnection metal layers, a thick layer or polymer is tfvc material. The top surfaces 24 of ibese mclal conductors 

deposited over the surface of the layer of passivation. Under that are contained in openings 22/36/38 can now be used for 

ihc present invention, a high-quality electrical component is connection of the IC to its environment, and for further 

created on the surface 1 ill th ck layer of polymer. 15 integration into (he surrounding electrical circuitry. This 

The invention addresses, among otheas, the creation of an lf«er statement is the »nx as s j, » tl at semiconductor 

, . „ , i evtcc* thai have been provide* in the surf t suastra 

mi uctor whereby the t > tier* nig >" 1 , , , , , 

' ' ! ■ / 1 ; ^ :z , 

> 1 ^ 11 1 1 , " " , i 1 try Interconnect pads 2< 28 

K i ii i l i fsu 24 of the metal interconnects a,r 

of the inductor of the invent ion allows tor the use of tins 22,36 nd 38 I h. pads 26 and 28 can be of any 

d i n high frcquci i I i win urnn icn in dth ai lie U iccommodatc specific 

minimum loss of power. The invention further addresses the clRml |ni K m h instance, be used 

creation of a capacitor and a resistor on the surface of a 2S as a ji,,, c | np p: .,,]. other pads can be used for power 

silicon substrate whereby the main objective (of the process distribution or as a ground or signal bus. The following 

of creating a capacitor and resistor) is to reduce parasilics connections can, for instance, be made to the pads shown in 

thai arc typically incurred by these components in the FIG. 1: pad 26 can serve as a flip chip pad, pari 28 can serve 

underlying silicon substrate. as a flip chip pad or can be com < ed to electrical power or 

Referring now more specifically to FIG. 1, there is shown , n to electrical gi .- I ri in i 1 gnal bus. There is no 

a cross section of one implementation of the referenced relation between the size of the pads shown in HG. l and the 

I n , i t lit I i i i ik t 1 til 

, it i si nd other devices (n fiown in can be used. Pad s^e and the standard rules and reslnctions 



FIG 1) l'h fact ii il stra lOi ivci uliel (ri 
layer 12, layer 12 of diel lis - t fori lej sited over the 3J 
devices that have been provided in the surface of the 
substrate and over the subslra'e 10. Conductive ' 



of electrical circuit design determine the electrical connec- 
tions to which a giver pad lends itself. 

The following comments relate to the size and the number 
of the contact points 16, FIG. 1. Because these contact points 

. .. 16 are located on lop of a thin dielectric (layers 14, FIG. 1) 

I 11 a,e ,„o il.siif .aver 12 tha n, O 1 h lhi_ pad si, l cj u it >■ I ii large puis, 

semiconductor devices that have been provided in the sur- ^ , , , „„ In ld , iti , n , a hlfeC pad size will 

face of substrate 10. 40 j ntcr f ere with the routing capability of that layer of metal. It 

layers 14 (two examples are shown) represent all of the islhercl t fencd lit! u >f the pad 16 elativel 

meial layers and dielectric layers that are typically created small flic si/» of pad 16 i hov ct tlso dii 1> Filed 

on top of the dielectric layer 12, layers 14 that arc shown in with the aspect ratio of vias 22/36/38. An aspect ratio of 

FIG. 1 may there - < j mm hip] la; of d 1 trie or «houl5isai eplal fori < nsideration of via etching and 

insulation and the like, conductive interconnect lines 13 45 via filling. Based on these considerations, the size of the 

make up the network of electrical connections that are contact pad 16 can be in the order of 0.5 /mi to 30 /<m, the 

created throughout layers 14. Overlying and 011 the surface exact size being dependent on the thickness of layers 18 and 

of layers 14 are points 16 of el trical tact. The points 20. 

16 of electrical contact can for instance be bond pads that The referenced application does not impose a limitation 

establish the electrical interconnects to She transistors and 50 on the number of contact pads that can be included in the 

other devices that have been provided in ihc surface of the design, 1 ) numb isi pendens on package design requirc- 

substrate 10. These points of contact 16 are points of ments. Layer 18 in FIG. 1 can be a typical IC passivation 

interconnect within the IC arrangement that need to be layer. 

further connected to surrounding circuitry. A passivation The most frequently used passivation layer in the present 

layer 18, formed of for example silicon nitride, is deposited 55 state of the art is plasma enhanced CVD (PECVD) oxide and 

over the surface of layers 14 to protect underlying layers nitride. In creating layer 18 of passivation, a layer of 

from moisture, contamination, etc. approximately 0.2 ,«in PECVD oxide can be deposited first 

The key steps of the above referenced application begin followed by a layer of approximately 0.7 fin) nitritle. Pas- 

wifh the deposition of a thick layer 20 of polyimide that is sivation layer 18 is very important because il protects the 

deposited over the surface of layer 18. Access must be go device wafer from moisture ami foreign ion contamination, 

c hits of olectrk ntacl 16, fot * 1 x 1 1 1 bctwt c sub -11 



pattern of openings 22, 36 and 38 is etched through the cess (of the integrated circuit) and the Sens-micron process 

polyimide layer 20 and the passivation layer 18, the pattern (of the interconnecting melalization structure) is of critical 

0. openings 22, 36 and 38 ali at iththi . Utern of electrical importance since il allows for a cheaper process-that possi- 

contact points 16. Contact points 16 arc, by means of the 65 bly has less stringent clean room requirement for the 

openings 22/36/38 that are created in the layer 20 of process of creating the interconnecting melalizalion slruc- 

polyimide, electrically extended to the surface of layer 20. lure. 
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Layer 20 is a (hid ■ < i mei d -lectric layer (for example 
polyimkk) thai have a thickness in excess of 2 /<m (after 
curing). The range of the polymer thickness can vary from 
2 /im to 150 /mi, dependent on electrical design require- 
ments. 5 

For the deposition of layer 20 the Hi hi-Dupom i ; 
imnide HD 2732 or 2734 can, for example, be used. The 
po>yi;nklc can be spin-on coated and cured. After spin-on 
coating, lire polyimidc will be cured at 4110 degrees C. for 
about I hour in a vacuum oi nitrogen ambient, for a thicker 10 
layer of polyimidc, the polyimidc film can be multiple 
coated and cured. 

Another material thai can be used to create layer 20 is ihc 
polymer benzocyclobutene (BCB). This polymer is at this 
time commercially produced by for instance Dow Chemical 15 
and has recently gained acceptance to be used instead of 
typical polyimide application. 

'Hie dimensions of openings 22, 36 and 38 have previ- 
ously been discussed. The dimension of the openings 
together with the dielectric thickness determine tile aspect 
ratio of the opening. The aspect ratio challenges the via etch 
process and the metal filling capability. This leads to a 
diameter for openings 22/36/38 in the range of approxi- 
mately 0.5 ((m lo 30 /mi, the height for openings 22/36/38 ^ 
can be in Hit mg< ppi Kimalcl 2 /mi lo 150 /mi 1 he 
aspect ralio of openings 22/36/38 is designed such that 
filling of the via with metal can be accomplished. The via 
can be filled with CVD metal such as CVD tungsten or CVD 
copper, with electro-less nickel, with a damascene metal , () 
filling process, wilb eleclroplatinj oppes en 

'ITic referenced application can be further extended by 
,'ing i nil pn i sof i met: (such as polyimide) and 
can therefore be adapted lo a larger variety of applicatioas. 
The function of Ihe structure that has been described in FIG. 35 
1 can be fur i ( i i 1 1 ' t ilsrtg a si com layoi of 
polyimide on top of the pi usl m 1 layer 20 and 

overlaying the pads 26 and 28. Selective etching and metal 
deposition can further create additional contact points on Ihc 
surface of the second layer of polyimide that can be inter- A q 
connected with pads 26 and 28. Additional layers of poly- 
imide and the I hereon created contact pads can be custom- 
ized to a particular application, the indicated extension of 
multiple layers of polyimidi gi itlyenhan s the flexibility 
nd useful n ti eferei i m i i r i n appl 

FIG. 1 shows a basic design advantage of the referenced 
continuation-in-part application. This advantage allows for 
sub-micron or line-lines, thai nun, in Ihe immediate vicinity 
of ihe metal layers 14 and ihe conlacl points lo, to be 50 
extended in an upward direction 30 through metal intercon- 
nect 36. This extension continues in the direction 32 in the 
horizontal plane of the metal interconnect 28 and comes 
back down in the downward direction 34 through metal 
interconnect 38. The functions and constructs of Ihe passi- 55 
vation layer 18 and the insulating layer 20 remain as 
pic\ ously highlighted This basic desigi 1 nagt of ihe 
invention is to "elevate" or "fan-out" the line-line intercon- 
nects and to remove these inlcrconnects from the micro and 
sub-micro level lo a metal interconnect level that has con- <so 
sidcrably larger dimensions and dial therefore has smaller 
resistance and capacitance and is easier and more cost 
effective to manufacture. This aspect of Ihe referenced 
application does not include any aspect of conducting line 
re-dislribulion and therefore has an inherent quality of 65 
simplicity. It therefore further adds lo ihe importance of the 
referenced application in that it makes micro and sub-micro 



wiring accessible at a wick*, and thick metal level. The 
interconnections 20, 36 and 38 interconnect the fine-level 
metal by going i tin ugh the p t n and polymer or 
polyimide dielectric layers, continuing over a distance on 
(he wide and thick mclal level and continuing by descending 
from Ihc wide and thick metal level back down to the 
iinc-melal level by again passing down through the passi- 
vation and polymer u | I .-lnc layers. The 
extensions thai are in this manner accomplished need not be 
limited to extending fine-metal interconnect points 16 of any 
particular type, such as signal or power or ground, with wide 
and thick melal line 26 and 28. The laws of physics and 
electronics will impose limitations, if any, as to what type of 
inteiconncct can n cstabli icci t this n • limiting 
factors will be the conventional electrical limiting factors of 
resistance, propagation delay, RC constants and others. 
Where the referenced application is of importance is that the 
referenced continualion-in-parl application provides much 
broader latitude it being bic ti sp 1 these laws and, in so 
i i ides a considerabl tend cope of the appli- 
cation and use of Integrated Circuits and the adaptation of 
these circuits lo a wide and thick metal environment. 

FIG. 2 shows how ihe basic interconnect aspect of the 
referenced continuation-in-parl application can further be 
extended under the present invention to not only elevate the 
fine-metal lo the plane of she wide and thick melal but to also 
add an inductor on the surface of Ihc thick layer 20 of 
polyimide. The ind ict is i n at 1 in a ] lane that is parallel 
wilh the surface of the substrate 10 whereby this plane 
however is separated from the surface of the substrate 10 by 
Ihe combined heights of layers 12, 14, 18, and 20. FIG. 2 
shows a cross section 40 of ihc inductor laken in a plane thai 
is perpendicular lo the surface of substrate 10. The wide and 
thick metal will also contribute lo a reduction of the resistive 
energy losses. Furthermore, the low resistivity metal, such as 
gold, silver and copper, can be applied using electroplating, 
the thickness can be about 20 //m. 

FIG. 3 shows a top view 42 of the spiral structure of She 
inductor 40 that has been created on the surface of layer 20 
of dielectric. The cross scclion lhal is shown in FIG. 2 of Ihe 
inductor 40 has been laken along the line 2-2' of FIG. 3. The 
method used for the creation of the inductor 40 uses con- 
ventional methods of melal, such as gold, copper and the 
like, deposition 1 1 eh ti plating 1 m lal spuller processes. 

FIG, 4 shows a lop view of inductor 40 whereby the 
inductor has been further isolated from the surface of (he 
substrate 10 by the addition of layer 44 of ferromagnetic 
material. Openings are created in layer 44 of ferromagnetic 
material for ihc conductors 36 and 38, the layer 44 is 
deposited using conventional methods to a thickness that can 
be experimentally determined and lhat is influenced by and 
partially dependent on the types of materials used and the 
thickness of the layers thai are used overlying the ferromag- 
netic material (such as layer 20) for the creation of the 
structure thai is shown in cross section in FIG. 4. The surface 
area of ihe ferromagnetic layer 44 typically extends over the 
surface of layer 18 such thai Ihc inductor 40 aligns with and 
overlays the layer 44, Ihc surface area of layer 44 can be 
extended slightly beyond these boundaries to further 
improve shielding the surface of substrate 10 from the 

r I 11 ill i I t<> 

Layer 44 is not limited So being a layer of ferromagnetic 
material bul jp. ; ils 1 > \ 1 1 ol a good conductor such as 
but not limiied to gold, copper and aluminum. The overlying 
inductor 40 thai is created on the surface of layer 20 of 
polyimide can be isolated from the underlying silicon sub- 
strate 10 by a layer 44 thai comprises either ferromagnetic 
or a good conductor. 



US 6,515,369 B1 



11 



12 



FIG. 5(7 shows, for reasons of clarity, a simplified cross 
section of the substrate and the layers that are created on the 
surface of the substrate under the processes of the invention, 
the highlighted areas that arc shown have previously been 
identified as: 

10, the silicon substrate 

12, a layer of dielectric that has been deposited over the 

surface of the substrate 
14, an interconnect layer that contains interconnect lines, 

vias and contact points 1 
16, contact points on the surface of the interconnect layer 



18, 



14 

of passivation into winch openings have been 
cienled through which the contact points 16 can be 



20, a (hick layer of polymer, and 

21, conductive plugs that have been provided through the 
layer 20 of polyamide. 

II thici i'er 20 ] .'mer can be coat in qui form 
on the surface of the layer 18 of passivation or can be 2( j 
laminated over the surface of layer 18 1 - tioti by dry 
film application. Vias that are required for the creation of 
conductive plugs 21 can be defined by conventional pro- 
cesses of photolithography or can be created using laser 
(drill) technology. 2; 

It is clear from previous discussions that the sequence of 
layers that is shown in cross section in FIG. 5a has been 
created so that additional electrical components such as an 
inductor, a capacitor and Hie like can be created on the 
surface of layer 20 of polyimide and in electrical contact x 
with conductive plugs 21. 1 aver 12 of dieiech ic may, in the 
cross section that is shown in FIG. 5a, be part of layer 14 
since layer 14 is a layer of Intra Level Dielectric (ILD) 
within which layer 12 can be readily integrated. 

With respect to the cross section that is shown in FIG. 5b, 35 
the same layers that have been identified for FIG. 5a are 
again provided in this cross section. Additionally has been 
shown the upper layer 17 of the silicon substrate 10 that 
contains active semiconductor devices. Also shown is the 
cross .section of an inductor 19 that has been created on the ^ 0 
surface of layer 18 of passivation. It must again bo empha- 
sised that the ohmic resistivity of the metal that is used for 
inductor 19 must be as low as possible. For this reason, the 
use of a thick layer of for instance gold is preferred for the 
formation of inductor 19. It has been shown that a thick layer 4J 
of gold increased the O value of inductor 19 from about 5 to 
about 20 for 2.4 GHz applications, which represents a 
significant improvement in the Q value of inductor 19. 

FIG. 6a shows a cross section of a capacitor that has been 
created on the surface of a substrate 10. A layer 14 of 50 
conductive interconnect lines; arid contact points has been 
created on the surface of substrate 10. A layer 18 of 
i ii i 1 1 i ii iilt ill 

rings li I • cn hi in I i I** ! p issrvation 
through which the surface of contact pads 16 can be SJ 



A capacitor contains, as is well known, a lower plate, an 
upper plate and a layer of dielectric that separates the upper 
plate from the lower plate. These components of a capacitor 
can be readily identified from the cross section that is shown ( 
in FIG. 6a, as follows: 

42 is a conductive layer that forms the lower plate of the 
capacitor 

44 is a conductive layer that forms the upper plate of the 
capacitor r> 

46 is the dielectric layer lhai separates the upper plate 44 
of the capacitor from the lower plate 42. 



It must be no! I frot ill >u that is shown in 

FIG. 6a that the capacitor has been created on the surface of 
layer IS of passivation, the process of creating the capacitor 
is therefore referred to as a post-passivation processing 
sequence. Processing conditions and materials that can be 
used for the creation of lite respective layers 42, 44 and 46 
have already been highlighted and need therefore not be 
further detailed at this time. 

The main points of interest are the various thicknesses to 
which the three layers 42, 44 and 46 can be deposited, as 
follows: 

layer 18 of passivation between about 0.1 fim and 0.3,«m 
layer 42 of conductive material between about 0.5 and 2(1 

layer 44 of dielectric between about 500 and 10,000 

Angstrom, and 
layer 46 of con J ii laleriai bi u ibout 0.5 and 20 

The post-passivation created capacitor that is shown in 
cross section in FIG. 6a has: 

reduced parasitic capacitance between the capacitor and 

the underlying silicon substrate 
allowed for the use of a thick layer of conductive material, 
reducing the resistance of the capacitor; this is particu- 
larly important for wireless applications 
allowed for the use oi high dieka ri< mat ia ucl is 
Ti0 2 , Ta 2 0 5 for the dielectric between the upper and 
the lower plate of the capacito r< suiting in a higher 
capacitive value of the capacitor. 
FIG. 6b shows a three-dimensional view of the solenoid 
structure of an inductor 19 that has been created on the 
surface of the layer 18 of passivation. Further highlighted in 
FIG. 6b are: 

23, vias that are created in the thick layer of polymer 20, 
FIG. 5a, for the interconnects of the upper and the 
lower levels of metal of the inductor 

25, the bottom metal of the inductor 

27, the top metal for the inductor. 

FIG. 6c shows a three dimensional view of an inductor 
that has been created on the surface of a layer 18 of 
passivation by first depositing a thick layer 29 of polymer 
over which a layer (not shown) of polymer is deposited, vias 
23 are created in the thick layer 20 (FIG. 5a) of polymer. In 
addition to the previou l\ highlight . ,i s, FIG 6c shows 
a layer 29 of polyimide. The inductor 19 is created by 
creating She bottom metal 25 of the inductor 19, the top 
metal 27 of the inductor and the vias 23 that are created in 
layer 20 (FIG. 5a) that preferably contains a polymer. 

FIG. 6d shows a top view of layer 20 on She surface of 
which an inductor has been created as previously shown in 
FIG. 6c. Vias 23 are highlighted as are top metal lines 27 of 
the inductor 19, bottom metal lines 25 of the inductor 19 
(hatched since they are not visible on the surface of the layer 
20). Further detailed are vias 23' and 23", the lower extrem- 
ity of via 23' and (he upper extremity of via 23" are 
connected to interconnect lines 31 and 33 (FIG. 6<?) 
respectively, theses interconnect lines 31 and 33 provide the 
connection for fur! her interconnect of the inductor 19. 

FIG. 6e shows a cross section of the structure of FIG. 6cl 
whereby this crc tioi tal in the line 6e-6e' that 
is shown in FIG. 6d. Contact pads 16' have been provided on 
the surface of layer 18 of passivation, these contact pads 16' 
make contact with the vias 23, 23' and 23" for interconnec- 
tion between the bottom metal 25 of inductor 19 and the 
upper metal 27 of the inductor 19. Interconnects to vias 23' 
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and 23" are the lines 31 and 33 which, as previously slated, 
connect the inductor 19 to surrounding electrical circuitry or 
components. 

The creation of a toroidal inductor overlying a layer of 
passivation has been shown in FIGS. 6/ and 6g where 5 
toroidal coil 19' is created on the surface of a layer 18 of 
passivation. Top level metal 27', bottom level metal 25' and 
vias 23' that interconnect bottom level metal 25' with top 
level metal 27' have been highlighted ia FIG. 6/ 

I'M. 6g shows, for further clarification, a top view of the to 
toroidal 19' of FIG. 6 n lighhgh 1 leaiu softbi igun 
have previously been explained and therefore do not need to 
be further discussed at this time. 

FIG. 7 shows a cross section where, as in FIG. 6a, a 
capacitor is created on the surface or substrate 10. In the is 
cross section that is shown in FIG. 7 however a thick layer 
20 of polyimide has been deposited over the surface of the 
passivation layer IS and has been patterned and etched in 
order to make the contact pads 16 accessible though the 
thick layer 20 of poly. The thick layer 20 of polymer 20 
removes most of the capacitor, that is the lower plate 42, the 
upper plate 44 and the dielectric 46, from the surface of 
substrate 10 by a distance that is equal to the thickness of 
layer 20. It has previously been stale that the range of 

] ni n ness eati vary from 2/<m to 150 and is 25 
dependent on electi ic il de ign requirements. This statement 
is also valid for the cross section shown in FIC3, 7, the 
layers-of the capacitor can therefore be removed from the 
surface of substrate 10 by a distance of 2 /mi to 150 f<m. It 
is clear that this leads to a significant increase in distance 30 
between the capacitor and the underlying silicon substrate, 
the parasitic capacitance will therefore be significantly 
reduced. 

FIG. S shows a cross section of a substrate 10 on the 
surface of which has been deposited a layer IS of 35 
passivation, a resistor 48 has been oreated on the surface of 
the layer 18 of passivation. A resistor, as is well known, is 
created by connecting two points with a material that offers 
electrical resistance to the passage of current through she 
material. The two points that are part of the resistance 48 that <to 
is shown in cross section in FIG. 8 are the contact pads 16 
that have been created in or on the surface of the intercon- 
nect layer 14. By creating layer 48 between the two contact 
pads, that interconnects the two contact pads and that is 
deposited on the surface of passivation layer 18, a resistor 45 
has been created in accordance with the processes of the 
invention. For the creation of layer 48 a high resistivity 
material can be used such as TaN, silicon nitride, phospho- 
silicatc glass (PSG), silicon oxynitride, aluminum, alumi- 

it (Al v O v ) m It in m >n liimi ni moiybi emim. It 50 

is clear that dimen i i i itofo L length and width 
of deposition of layer 48 of high resistivity material are 
application dependent cart can therefore not be specified at 
this lime in any detail. The resistor that is shown in cross 
section in FIG. 8 is, as are the capacitors of FIGS. 6a and 7, 55 
created in a post-passivation process on the surface of layer 
18 of passivation. 

FIG. 9 shows a cross section of a substrate 10, an 
in i, i t layer 14 has been 1 the su i he 
substrate. A layer 18 of passivation has been deposited over 60 
the layer 14 of interconnect metal, a thick layer 20 of 
polyimide has been deposited over the surface of the pas- 
sivation layer 18. A resistor 48 has been created on the 
sui ii '1 111 layer 20 .1 poiymfok the resistor 48 is 
created connecting the two contact pads 16 with a thin high SS 
resistivity layer of metal. By increasing the distance between 
the body of the resistor and the surface of substrate (by the 
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thickness of the poly layer 20) the j site lacilan 
between the body of lb icsi rat the ubstrate is i duccd 
resulting in an improved resistive component (reduced para- 
sitic capacitive los impi ' I to In jucricypi formance) 
Further application lb t, lion p ssing ol 
the invention are shown in FIGS. 10 and 11, which concen- 
trate on making ball contact points between contact pads 16 
and an overlying electric component, such as a discrete 
inductor. Proceeding from the surface of substrate 10 in an 
upward direction, most of the layers that are shown in F'IG. 
10 have previously been identified and are identified in FIG. 
10 using the same numerals as have previously been used for 
these layers, Where FIG. 10 shows previously not identified 

50, contact plugs that have been formed through the thick 

layer 20 of polymer 
52, contact balls lhat.have been formed on the surface of 
the contact plugs 50 using conventional methods of 
selective <okler deposition (plating >r ball tuouisiin; », 
thesu ice i plug Hi in n [ I mncfiius. nth 
deposiied solder and flowing the solder to form the 
contact balls 52, and 
54, a cross section of a discrete electrical component such 

as an inductor or a discrete capacitor or a resistor. 
FIG. 11 shows a cross section of a silicon substrate 10 on 
the surface of which a discrete eleclrical component 54 has 
been mounted, contact balls 56 are used whereby the dis- 
tance between the substrate 10 and the electrical component 
54 is of a significant value. Contact balls are inserted into the 
openings that have been created in the layer 18 of passiva- 
tion overlying the contact pads 16, the (relatively large) 
contact balls 56 create a significant separation between the 
surface of sul ue 10 and ihc-di tcel trical component 
54. 

The methods that have been shown in FIGS. 10 and 11 
indicate thai; 

the passive component 54 is removed from the surface of 

substrate 10 by a significant distance, and 
instead of mounting thc-passi 1 i component 54 
on the surface of a Printed Circuit Board (PCB), the 
passive component 54 can be mounted closer to a 
semiconductor device in the present invention, 
Throughout the methods and procedures that have been 
explained above using the examples that are shown in cross 
section in the accompanying drawings, the following has 
been adhered to: 
the passive components have been further removed from 
the silicon substrate, thereby reducing the negative 
impact thai is induced by the substrate due to electro- 
magnetic losses incurred in the substrate 
the post-passivation process of the invention allows for 
the selection of discrete component design param- 
eters that result in redue 1 resistance i he li 
capacitor and the discrete inductor, this is further 
clear from the following comparison between prior 
art processes and the processes of the invention. 
Prior art requires for (he creation of an inductor: 
the use of thin metal, which imposes the creation of 
wide coils lor an inductor resulting in 
increased surface area that is required for the inductor 
which in tarn increases the parasitic capacitance of the 
inductor causing eddy current losses in the surface of 
the substrate. 
The present invention by contrast: 
can use thick metal, since the metal of the passive 
component is (by the thick layer or polymer) removed 
from the (thin metal) interconnect layer 14, and (as a 
consequence) 
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reduces the surface area lhal is required for [he inductor, 

reduces the resistivity of the inductor, thereby increasing 
the Q value of the inductor. 

Although the preferred embodiment of the present in veil- s 
lion has been illustrated, and thai I'oi m has been described in 
detail, it will be readily understood by those skilled in the arl 
that various modifications may be made therein without 
departing from the spirit of the invention or from the scope 
of the appended claims. m 

What is claimed is: 

1. A discrete electrical component above the surface of a 
semiconductor substrate, comprising: 

a semiconductor substrate, in or on the surface of which 
semiconductor devices have been created, having 15 
points of electrical contact provided to said semicon- 
ductor devices in or on the active surface of said 
substrate; 

an overlaying interconnecting metalizalion structure com- 
prising one or more layers of interconnects over the 20 
active surface of said substrate, said layers of intercon- 
nects comprising conductive interconnect lines or con- 
ductive contact points or conductive vias in one or 
more layers, with points of electrical contact having 
been provided in or on the surface of said overlaying 25 
interconnecting metalizalion structure, at least one of 
said points of electrical contact making contact with at 
least one of said conductive interconnect lines or said 
conductive contact points or said conductive vias pro- 
vided in said one or more layers of said overlaying 30 
interconnecting mclalization structure, a: least one of 
said rnetal lines or said contact points or said condv.c- 

t 1 r ii n 1 1 le oi 1 
of electrical contact provided to said semiconductor 
devices in or on the -surface of said substrate; jS 

a passivation layer deposited over said overlaying inter- 
connecting mclalization structure; 

openings created in said layer of passivation, at least two 
of said openings overlaying at least one pair of points ^ 
of electrical contact having been provided in the sur- 
face of said i I jut ttt t nn in n taliza 
structure, providing at least one pair of points of 
electrical contact in said layer of passivation; 

an polymer instils ling, separating layer i posited over the 4; 
surface of said patterned and etched layer of 
passivation, including said openings created in said 
layer of passivation; 

at least one pair of openings created in said polymer 
insulating, separating layer that aligns with at least one ;o 
pair of points of electrical contact provided in said layer 
of passivation; 

a layer of conductive material selectively deposited over 
the surface of at least one pair of points of electrical 
contact provided in said layer of passivation, filling S5 
said openings created in said' polymer insulating, sepa- 
rating layer, creating conductive plugs through said 
polymer insulating, separating layer, said conductive 
plugs overlaying t least no pail ft, inisoi'c). tr i! 
contact provided in said layer of passivation; 6fl 

a layer of solder selectively created over the surface of 
said conductive plugs; 

said discrete electrical component positioned above and in 
alignment with said s leclively cr( ed layer of solder 
such that electrical contact points of said discrete 65 
electrical component i 1 r ilh sai i lively created 
layer of solder; and 



said selccti el k ti I layi oi iui flowed, creating 
solder balls i id eel cUical compo- 

nent with said conductive plugs in said polymer 
nsulating pai ling layer, thereby connecting said 
discrete clcetrica comj ici itl a pair of points of 
electrical contact in said layer of passivation. 

2. The discret lectrical m ten I ! aim 1 wherein 
said passivation layer comprises a layer within the range of 
approximately 0.15 to 2.0 am of Plasma Enhanced CVD 
(PECVD) oxide over whit h > la ci vilhin the range of 
approximately 0.5 to 2.0 «m PECVD nitride is deposited. 

3. The discrete electrical component of claim 1 wherein 
said polymer insul itin p it: ling layer comprises poly im- 
idc or the polynu r 1 > c itene (B( U). 

4. The discrete electrical component of claim 1 wherein 
said poiymei insul ling, sc[ nig layci is ol a thickness 
after curing within the range of approximately 1.0 to 150 

5. The discrete eleclrical component of claim 1, wherein 
said polymer irtsi ig, separatin laj e> spin-on coated 
and cured. 

6. The discrete eleclrical component of claim 1 Wherein 
s'iid polymer insul; ing, se[ raring layer is subjected to 
multiple processing steps 1 1 *pin on coating and curing. 

7. The discrete electrical component of claim 1 wherein 
said discrete electrical component is selected from a group 
comprising a resistor, a capacilor and an inductor. 

8. A discrete electrical component mounted above the 
surface of a semiconductor substrate, comprising: 

a semiconductor substrate, in or on the surface of which 
semiconductor devices have been created, having 
points of electrical conlact provided to said semicon- 
ductor devices in or on the active surface of said 
substrate; 

an overlaying interconnecting mclalization structure com- 
prising one or more layers of interconnects over the 
active surface of said substrate, said layers of intercon- 
nects comj ri i 1 ii nnect bus r con- 
ductive contact points or conductive vias in one or 
more layers, wish points of electrical contact having 
been provided in or on the surface of said overlaying 
interconnecting mclalization structure, at leasl one of 
saii! points of eleclrical conlact making conlact with at 
leasl one of said conduclive interconnect lines or said 
conductive contact points or said conductive vias pro- 
vided in said one or more layers of said overlaying 
iniercon.iosL. . net ization un iU n It \ m 1 
said metal lines or said contact points or said conduc- 
ive vi i ' ing i ict with al k oik i i | t 
of electrical conlact provided lo said semiconductor 
devices in or on the surface of said substrate; 

a passivation layer deposited over said overlaying inter- 
connecting mclalization structure; 

openings created in said layer of passivation, al least two 
of said penings < r' mil it least one pair of points 
of eleclrical conlact having been provided in the sur- 
face of said overlaying interconnecting metalizalion 
structure, providing al least one pair of points of 
electrical contact in said layer of passivation; 

a layet of Si IiIl elect I iied o er the surface i 
al leas! one pair of points of electrical contact in said 

said discrete electrical component positioned above and 
aligned with said selectively deposited layer of solder 
such thai eleclrical conlac! points of said discrete 
eleclrical component align with said selectively depos- 
ited layer of solder; and 
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said layer of selectively deposited solder flowed, creating (PECVD) oxide over which a layer within the range of 

Uler balls c i i 1 discrole ok iri^ i 1 omj ippi <imalel 0.5 l 2.0 /« PBOV1) nitride deposited 

oca wiih at leasi one [ i l'p us ol trical contact 10. The discrete electrical component of claim 8 wherein 

in said layer of passivation. id discrct lcctri component selct ions a gi up 

9. The discrete 1 1. ctricai component of claim 8 wherein 5 comprising a resistor, a capacitor and an inductor, 
said passivation layer comprises a layer within the range of 

ippi iximalely 0.15 to 2.0 ftm of Plasma Enhanced CVD ***** 
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A method for forming a via throu gh a dielectric layer within 
a microeleelron i i lion l'hert i first provided a 
substrale employed within a microelectronics fabrication. 
There is then formed upon the substrate a patterned first 
dielectric layer which defines a via accessing a contact 
region formed within Ihc substrate. The patterned first 
dielectric layer is formed of a first dielectric material which 
is not susceptible to etching with an oxygen containing 
plasma. There is thi > ft med ipon ll e patterned (irsl dielec- 
tric layer a blanket secom li 1c In . i which completely 
covers Ihe patten* Uirstdi li tri layei md fills the via. The 
blanket second dielectric layer is formed of a second dielec- 
tric material which is susceptible to etching wilhin the 
oxygen containing plasma. There is then formed upon the 
blanket second dielectric layer a blanket hard mask layer 
which is formed from a hard mask material which is not 
susceptible to etching wilhin the oxygen containing plasma. 
There is then formed upon the blanket hard mask layer a 
patterned photoresist layer which leaves exposed a portion 
of 'lie blanket hard mask 1 ivei r< ill i hat in areal dimen- 
sion of the via and at least partially overlapping the areal 
dimension of the via. There is (hen etched while employing 
a first plasma etch method the blanket hard mask layer to 
form a patterned hard mask layer defining a first trench 
formed through the patterned hard mask layer while employ- 
ing the patterned photoresist layer as a first etch mask layer. 
The first plasma etch method employs a first etchant gas 
composition appropriate to the hard mask material from 
which is formed the blanket hard mask layer. Finally, there 
is then etched while employing a second plasma elch 
method the blank I econd di kctric layer to form a pat- 
terned second dielectric layer having an aperture formed 
therethrough. The aperture comprises: (1) a second trench 
corresponding with the first trench; and (2) at least a portion 
of the first via. The second plasma elch method employs the 
oxygen containing plasma. 

13 Claims, 4 Drawing Sheets 
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DUAL DAMASCENE PATTERNED dielectric materials (such as but not limited lo polyimklc 

CONDUCTOR LAYER FORMATION organic polymer spin-on-polymer dielectric materials, poly. 

METHOD WITHOUT 1 I'CH STOP I VYER arylene-ether organic polymer spin-on-polymer dielectric 

materials, and flucrinaled poly-ary lone -ether organic poly- 
mer spm-on-polymcr dielectric materials), amorphous car- 
bon dielectric materials (such as but not limited to amor- 
phous carbon and fluorinated amorphous carbon), and 
This application is related lo_a so-assign* 1 and si|ses( , , , las hi j. - ctric materials 

1 1 11 11 J 1 1 l 1 ill t 1st il| 

number TSMC 97-353, filed Oct. 23, 1998, an. ml , ,,,,,,,,,, ,, , lr bo„ bonded h 

led "Dual Dan 1 III 1 , i I i \i I ) 

lion Method Without Etch Stop Layer," the teachings of matcr i a i Sj an£ [ car b 0n bonded fluorocarbon siisesquioxane 

which are incorporated herein by reference. spin-on-glass (SOG) dielectric materials). 

BACKGROUND OF THE INVENTION while organic polymer spin-on-polymer dieleclric 
ii i in | I i bon dielectric material nd sil 

1. Field of the Invention e i?i i ue -pi i 1 n u a i v ' ir > ' i tri t i mils are thus 
The present invention rc lies gcr.sndl t m iods tui desi tl 1 thit i 1 i n es fabrication for 

forming paiterne I i idu tor la > st ted I 1 ' e u < I n Itemed I dielccit constan i eleelroni 

n ii ric layers i ilhin mi ec nies fabricatior 1 iclectri i vers interposed 1 en ll patte us t p tl 

particularly, the present invention relates to dual damascene 20 conductor layers which access patterned conductor stud 

methods for forming patterned conductor layers separated layers within microelectronics fabrications, such microelec- 

by pattc ned did ricl ilhin n t ni I Ii ii bri ti n structures ire often not formed entirely 

cations. without problems, in particular, such microelectronics fab- 

2. Description of the Related Art ricatio » structures arc typically formed employing an etch 
Micro 1 c„ mi s I ibric ,ti ,„ f arc form, d from microelec- :S -<<>P 1 -i 1 - < ' -< |P ' ! » (0 - P<J«umd luM 

i ii through which is I ed i 1 con- 
front substrates over which ^ ^ „.,,icl„, , dick uric constant 

elecliomcs conductor layers whicn arc separated oy micro- tk , ,„ „ , 

electronics dtelectnc layers. CO udu,l.lo.r u n nl l th patterned condii. tci -.t H 

1 |r 1 1 ' 1 I r II ] I | . 1 tl 

' ' 1 1 11 1 " 1,1 1 hiclor layer , p , , I, , , , tt the pal- 

dimensions have decreased, it has become increasingly leraed conductor stud layer. Unfortunately, the presence of 



within the art of microelectronics fabrication it 



such etch slop layers often provides additional microelec- 



1 1 between tl i t Ii i [I roel 

» 1 1 111 ' P' ,ch d,mcn ' ?» ' ricauon thin which ai i pattern, iductor 1 

1 1 ~> 1 i I i t r t 1 

fabrications microclccnomcs dieleclric layers ionised oi low , , , , , , , , . 

, • >S( i t c r r e d Ins thus towards the goal of tormmg microelectronics 

1 i , , tri tur, . 111,11 n, patterned low dielec 

microelectronics fabr ion ilhin which they are formed 40 constant d,cl, ,< parating patterned conductor 

patterned conductor contact stud layers or patterned con- 4 ° layers winch m turn contact patterned conductor stud layers, 



ductcr interconnection stud layers. For the purposes of the 



with attenuated i roclccl no ibri alion complexity, 



UULv'J! lli:.'..[^.V.MII^>-U..NI ^1UU W(.LO. 1 I HIV I - .. > ' .............. , ..... . . 

, i, u 1 ilu, '.in' d t mate that the present invention is dncctcd. 

i n'ended as dielectric mat having a i t ritius method i 1 i 

constant of less than about 3.0. For comparison purposes, 4 «tecln»ni 1 nil mo g Kerned rmcroelectron- 

dieleclric layers formed employing conventional silicon ics layers within microelectronics fabrications, 

oxide dielectric m erials, silicon iirid dieleclric materials For example, Korc ,-nski in Low-k dielectric integra- 

or silicon oxynitride dielectric materials typically have tion cost modelling," Solid State Technology, Oct. 1997, pp. 

dielectric constants in the range of from about 4.0 to about 123-28, discloses in general various methods and materials 

7 0. so for forming patterned low dielectric constant dielectric lay- 

Microelectronics dielectric layers formed of low dielec- ' ers interposed between the patterns of patterned conductor 

trie constant .bcl n mi Ki r hi interposed 1 r\c.s uik h in t irn com , mdnaor stud layers 

K p ik, y ha \id h lu er u "in croeleciioi ricatioi isclosed ai ndard 

narrow pitch dim ,sk>. it ned microelectronics condtic- patterned conductor layer formation and dieleclric layer 

U»r lax st ii I iocs fabrications si 1, ' 1 n methods and o.ua; damascene patterned id. I r 

dieleclric layers formed from such low dielectric constant layer formation and dielectric la; . i ,s lalion methods, 

dielectric materials provide dieleclric layers which assist in In addilion, Krishnan et al., in U.S. Pat. No. 5,380,546, 

providing microti Irani fabri ionsexl itin enhanced discloses a maskiess method for forming a barrier layer 

microelectronics fabrication speed, attenuated patterned surrounded metal feature within a planar insulator layer 

microelectronics conductor layer parasitic capacitance, and go within a microelectronics fabrication. The barrier layer 

attenuated patterned microelectronics conductor layer cross- surrounded metal feature so formed is formed employing a 

talk, planarizing method rather than a masking method. 

Low dielectric constant dielectric materials which may be Further, Ireland, in U.S. Pat. No. 5,466,639, discloses a 

employed for forming low dielectric constant microelectron- dual damascene method for forming a patterned conductor 

:cs dielectric layers within microelectronics fabrications are 65 layer contiguous with a patterned conductor stud layer 

typically material .vii I Ii u md/or carbon content, within a semiconductor integrated circuit microelectronics 

such as but not limited to organic polymer spin-on-polymer fabrication. The dual damascene method employs a pa!- 

4<-\ 



6,0C 

3 

terned mask layer formed interposed between a lower 
dielectric layer through which is fanned the patterned con- 
ductor stud layer and an tipper dielectric layer through which 
is formed the patterned conductor layer contiguous with the 
patterned conductor stud layer, where the upper dielectric 
layer and the lower dieleetn 1 i [ erned employing 
a single reactive ion etch method. 

Yet further, Ilavemann, in U.S. Pat. No. 5,565,384, dis- 
closes a method for forming within an integrated circuit 
microelectronics fabrication a self-aligned via through an 
inorganic dielectric layer to access a patterned conductor 
layer formed below the inorganic dielectric layer, where the 
patterned conductor layer has interposed at least partially 
between its patterns an organic containing dielectric layer. 
The patterned conductor layer and the organic dielectric 
layer are completely covered by the inorganic dielectric 
layer. The method employs an anisotropic etchant which is 
selective to the in nic did ric laj vith respect lo the 
organic dielectric layer, such that the organic dielectric layer 
serves as an etch slop layer when etching the self-aligned via 
through the inorganic dielectric layer, thus avoiding 
ovcrelehing of the organic dielectric layer. 

Still yet further, Huang et al, in U.S. Pat. No. 5,635,423 
also discloses a dual damascene method for forming a 
patterned conductor layer contiguous with a patterned con- 
ductor stud layer within a semiconductor integrated circuit 
microelectronics fabrication. The dual damascene method 
employs a blanket mask layer formed interposed between a 
lower dielectric layer through which is formed the patterned 
conductor stud layer and an upper dielectric layer through 
which is formed the patterned conductor layer contiguous 
with the patterned conductor slud layer, where the upper 
dielectric layer and the lower dielectric layer are sequen- 
tially patterned em 1 ] in set irate n actb e ion etch (RIE) 
methods. 

Finally, Avan/ino el al., in U.S. Pat, No. 5,686,354, 
discloses yet another dual damascene method for forming a 
patterned conductor layer contiguous with a patterned con- 
ductor slud layer within a microelectronics fabrication. The 
dual damascene method employs a single dielectric layer 
sequentially: (1) partially patterned employing a first etch 
method to form a trench within the single dielectric layer; 
and (2) subsequently completely patterned employing a 
second etch method and hard mask layer exposing a portion 
of a floor within ihe trench, to define with sharp sidewall 
edges the patterned conductor stud layer through the single 
dielectric layer. 

Desirable in the art of microelectronics fabrication are 
methods through which there may be formed within miero- 
I mi ik fabric tions low dielectric constant dielectric 
layers interposed between the patterns of patterned conduc- 
tor layers which in turn contact patterned conductor stud 
layers, with attenuated process complexity. 

It is towards the foregoing object that the present inven- 
tion is both generally and more specifically directed. 

SUMMARY OF THE INVENTION 
A first object of the present invention is to provide a 
method for forming within a microelectronics fabrication a 
patterned low dielectric constant dielectric layer adjoining a 
patterned conductor layer which in turn contacts a patterned 
conductor slud layer. 

A second object of the present invention is lo provide a 
method in accord with the first object of the present 
invention, where the method provides for attenuated process 
complexity. 
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A third object of (he present invention is to provide a 
method in accord with h rst c f the present inven- 
tion or the second object of the present invention, where the 
microelectronics fabrication is a semiconductor integrated 

5 circuit microelectronics fabrication. 

A fourth object of the present invention is to provide a 
method in accord with the first object of the present 
invention, the second object of the present invention or the 
third object of the present invention, which method is readily 

10 commercially implemented. 

In accord with the objects of the present invention, there 
is provided by the present invention a method for forming a 
via through a dielectric layer within a microelectronics 
fabrication. To pr actice the method of the present invention, 

)5 there is first provided a substrate employed within a micro- 
electronics fabrication, where the substrate has a contact 
region formed therein. There is then formed upon the 
substrate a patterned first dielectric layer, where the pat- 
terned first dielectric layer defines a via accessing the 

2u contact region. The patterned first dielectric layer is formed 
from a first dielectric material which is not susceptible to 
etching within an oxygen containing plasma. There is then 
formed upon the patterned first dielectric layer a blanket 
second dielectric layer, where the blanket second dielectric 

25 layer completely covers the patterned first dielectric layer 
and fills the via. The blanket second dielectric layer is 
formed from a second dielectric material which is suscep- 
tible to etching within the oxygen containing plasma. There 
is then formed upon the blanket second dielectric layer a 

30 blanket hard mask layer, where the blanket hard mask layer 
is formed from a hard mask material which is not susceptible 
to etching within the oxygen containing plasma. There is 
then formed upon the blanket hard mask layer a patterned 
photoresist layer, where the patterned photoresist layer 

3S leaves exposed a portion of the blanket hard mask layer 
greater that an arcal dimension of the via and at least 
partially overlapping the area! dimension of Ihe via. There is 
then etched while employing a first plasma etch method Ihe 
blanket hard mask layer to form a patterned hard mask layer 

40 defining a first trench formed through the patterned hard 
1 1 i i r 1 i j h rued ] sis layer 

as a first etch mask layer. The first plasma etch method 
employs a first etchant gas composition appropriate to the 
hard mask material from which is formed the blanket hard 

45 mask layer. Finally, there is then etched while employing a 
second plasma etch method the blanket second dielectric 
layer lo form a patterned second dielectric layer defining an 
aperture formed therethrough. The aperture comprises: (1) a 
second trench corresponding with the first trench; and (2) at 

so least a portion of the first via. The second plasma etch 
method employs the oxygen containing plasma. There may 
subsequently be formed within the aperture a patterned 
conductor layer within the second trench contiguous with a 
conductor stud layer wilhin the via while employing a 

55 damascene method. 

The present invention provides a method for forming 
within a microeie , iia 1 brication a patterned low dielec- 
tric constant dielectric layer adjoining a patterned conductor 
layer which in turn contacts a patterned conductor stud layer, 

60 where the method provides for attenuated process complex- 
ity. The method of the present invention realizes the fore- 
going objects by employing when forming the patterned low 
dielectric constant dielectric layer a low dielectric constant 
dielectric material which is etchable within an oxygen 

ss containing plasma. The patterned low dielectric constant 
dielectric layer so formed is formed upon a patterned first 
dielectric layer which is not etchable within the oxygen 
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containing plasma, when: '.lie patterned first dickclric layer 
d i.i 1 > i i ccessing nlact regit n within a substrate 
layer formed benealh the patterned first dielectric layer. 
Thus, when employing in ippropnat. bard mask layer and 
an oxygen containing plasma etch method employing the 5 
oxygen containing plasma, there may be formed without 
employing an etch stop layer interposed between the pat- 
terned first dielectric layer and the low dielectric constant 
dielectric layer an aperture through I he low dielectric con- 
stant dielectric layei and the patterned first dielectric layer, 10 
which aperture comprises: (1) a trench within the low 
dielectric constant dielectric layer; and (2) at least a portion 
of the via. The aperture so formed may subsequently have 
formed therein a patterned conductor layer contiguous with 
a patterned conductor stud layer while employing a dama- 15 
scene method. Thus, the present invention provides a 
method foi forming within a microelectronics fabrication a 
patterned low dielectric constant dielectric layer adjoining a 
patterned conductor layer which in turn contacts and is 
contiguous with a patterned conductor stud layer, where the 20 
method provides for attenuated process complexity. 

The present invention may be employed where the micro- 
electronics fabrication is a semiconductor integrated circuit 
microelectronics fabrication. The present invention does not 
discriminate with respect to the nature of a microelectronics 25 
fabrication within which is formed a patterned low dielectric 
constant dieleciric layer interposed between the patterns of 
a patterned conductor layer which in turn contacts a pat- 
terned conductor stud layer. Thus, although the method of 
the present invention may be employed when forming 30 
patterned low dielectric constant dielectric layers interposed 
between the patterns of patterned conductor layers which in 
turn contact patterned conductor stud layers within semi- 
conductor integrated circuit microelectronics fabrications, 
the method of the present invention may also be employed 35 
in forming patterned low dielectric constant dielectric layers 
interposed between the patterns of patterned conductor 
layers which in turn contact patterned conductor stud layers 
within microelectronics fabrications including but not lim- 
ited to semiconductor integrated circuit microelectronics 40 
fabrications, solar cell microelectronics fabrications, 
ceramic substrate microelectronics fabrications and flat 
panel display microelectronics fabrications. 

The present invention is readily commercially imple- 
mented. The method of the present invention employs 4 
methods and materials which are otherwise generally known 
in the art of microelectronics fabrication. Since it is a novel 

Icring and e nethod nd materials whi j 1 
the method of the present invention, rather than the existence 
of the methods and materials which provides the present 50 
i, the method of the present invention is readily 
cially implemented. 

BRIEF DESCRIPTION OF TOE DRAWINGS ^ 
The objects, features and advantages of the present inven- 
tion are understood within the context of the Description of 
the Preferred Embodiment, as set forth below. The Descrip- 
tion of the Preferred Embodiment is understood within the 
context of the accompanying drawings, which form a mate- 60 
rial part of this disclosure, wherein: 

PIG. 1 to FIG. 7 show a series of schematic cross- 
sectional diagrams illustrating the results of forming within 
a microelectronics fabrication in accord with a preferred 
embodiment of the present invention two series of patterned 65 
low dielectric constant dielectric layers interposed between 
two series of patterned conductor layers in turn contacting 



two series of patterned conductor stud layers, in accord with 
the method of the present is 



The present invention provides a method for forming 
within a mien ele troi I tlionapall rued low dielec- 
tric constant die b i yi u i< 1 ing i patterned conductor 
layer which in turn contacts a patterned conductor stud layer, 
where the method provides for attenuated process complex- 
ity. The method of the present invention realizes the fore- 
going objects by employing when forming the patterned low 
dielectric constant dielectric layer a low dielectric constant 
dielectric material which is etchable within an oxygen 
containing plasma. The patterned low dielectric constant 
dielectric layer so formed is formed upon a patterned first 
dielectric layer which is not etchable within the oxygen 
containing plasma, where the patterned first dielectric layer 
defines a via accessing a contact region within a substrate 
layer formed beneath the patterned first dieleciric layer. 
Thus, when employing an appropriate hard mask layer and 
an oxygen e< nta ning plasm etch method employing the 
oxygen containing plasma, there may be formed without 
employing an etch stop layer interposed between the pat- 
terned hrsl di le I cr and In low dielectric constant 
dielectric layer an aperture through the low dielectric con- 
stant dielectric layer and the patterned first dielectric layer, 
where the aperture comprises: (1) a trench within the low 
dielectric constant dielectric layer, and (2) at least a portion 
of the via. The aperture so font i ubsequently have 
formed therein a patterned conductor layer contiguous with 
a patterned conductor stud layer while employing a dama- 
scene method. 

The present invention docs not discriminate with respect 
to the nature of a microelectronics fabrication within which 
is formed a patterned low dielectric constant dielectric layer 
interposed between the patterns of a patterned conductor 
layer which in turn contacts a patterned conductor stud layer. 
Thus, although the method of the present invention may be 
employed when forming patterned low dielectric constant 
dielectric layers interposed between the patterns of patterned 
conductor layers which in turn contact patterned conductor 
stud layers within semiconductor integrated circuit micro- 
electronics fabrications, the method of the present invention 
may also be employed in forming patterned low dielectric 
constant dielectric layers interposed between the patterns of 
patterned conductor layers which in turn contact patterned 
conductor stud layers within microelectronics fabrications 
including but not limited to semiconductor integrated circuit 
microelectronics fabrications, solar cell microelectronics 
fabrications, ceramic substrate microelectronics fabrications 
and flat panel display microelectronics fabrications. 

Referring now to FIG. 1 to FIG. 7, there is shown a series 
of schematic: cross-sectional diagrams illustrating the results 
of forming within a mieroelectroni' : fabrication in accord 
with a preferred embodiment of the present invention two 
series of patterned low dielectric constant dielectric layers 
interposed between two scries of patterned conductor layers 
which in turn contact two series of patterned conductor stud 
layers, formed in accord with (he method of the present 
invention. Shown in FIG. 1 is a schematic cross-sectional 
diagram of the microelectronics fabrication at an early stage 
in its fabrication in accord with the method of the present 
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formed therein a .series of contact regions 12a, 12b, and 12c, which is susceptible to etching within the oxygen containing 

Within the preferred ml lim it of tin present invention, plasm Ihii liich the pattcrac firs lielectric layers 14a, 

the substrate 10 may be a substrate employed within a 14b, 14c, and 14d arc not susceptible to etching. For the 

microelectronics fol ricaticn io< 1 but not limited to a purpos. - ol let ring « 1 --i-' 11 I hicb 'he patterned first 

semiconductor integrated circuit microelectronics 5 dielectric layers 14a, 14b, 14c, and 14d are not susceptible 
ibricaiion, a sol < nicro ironies fabricati i t bing within tb naini plasn il ih 
ceramic substrate microelectronics fabrication or a flat panel blanket second dielectric layer 16 is susceptible to etching 
display microelectronics fabrication. Although not specifi- within the oxygen containing plasma, die blanket first 
cally illustrated within the schematic cross-sectional dia- dielectric layer 16 preferably has an etch rate ratio within the 
gran ol FIG I the sul Irak 10 ma I th sub ti tc tself in oxygen c nlai n la n ih rcsj > the > tie n 1 list 
employed within the microelectronics fabrication, or in the dielectric layers 14a, 14b, 14c, and Ud of greater than about 
alternative, the substrate 10 may be the substrate employed 20:1, more preferably greater than about 30:1, and most 
within the microelectronics fabrication, where the substrate preferably greater than about 50:1. Although not specifically 
has any of several additional layers formed thereupon or illustrated within the schematic cross-sectional diagram of 
thereover as are conventional within the microelectronics 33 FIG. 1, the blanket second dielectric layer 16 may 
fabrication within which is employed the substrate. Such optionally, if desirable, be planarized employing an appro- 
additional microelectronics layers may include, but arc not priatc planarizing method. 

limited to, microelectronics conductor layers, microelec- Willi n ih pre! ri dem > ncnl i le present invention, 

ironies semiconductor layers and man > U ics die ;lric i bio 1 t second dielectric layer 16 vhich is formed of the 

layers. second dielectric material which is susceptible to etching 

With respect to the contact regions 12a, 12b, and 12c within the oxygen containing plasma is preferably formed of 

ormcd within tht il ti i Itn i comae regions 12a 126, alow lielectric constant dielcctri n le rial selected from the 

and 12c will typically be either conductor contact regions or group including but not limited to organic polymer spin-on- 

semiconductor contact regions within the microelectronics polymer dielectric materials (such as but not limited to 

fabrication within n j - nolo) I the bstrate 10. More 2 s polyimidc organic polymer spin-on-polymer dielectric 

preferably, williin the present 'invention when the substrate materials, poly-arylene-ethcr organic polymer spin-on- 

10 is a semiconductor substrate alone employed within a polymer dielectric materials and fluorinated poly-arylcne- 

semiconductor integrated circuit microelectronics ether organic polymer spin-on-polymer dielectric materials) 

fabrication, and the contact regions 12.7, ]2b, and 12c arc and amorphous carbon dielectric materials (such as but not 

semiconductor substrate contact regions which are typically 30 limited to amorphous carbon and fluorinated amorphous 

employed when forming semiconductor integrated circuit carbon). Preferably, the blai tet sc. .nd lielectric layer 16 is 

devices employing the substrate 10. formed So a thickness of from about 4000 to about 7000 

Shown also within FIG 1 formed up nth .1 1 1 lelOis angstroms, 

i series of pattern 1 first liel ' c la , 1 4 j, 146, 14c, and fhere i t sb n in Pl< I 1 blanket first hard mask 

I4a which define a series of first v'ias ISa, lSb, and 15c 35 layer IS formed upon the blanket second dielectric layer 16. 

which in turn access I he series of contact regions 12(7, 12b, Within the preferred embodiment of the present invention, 

and 12c. Within the first pre! ri 1 embodiment 1 the lankel first hard mask layer 18 is formed of a hard mask 

present invention, the series of patterned first dielectric material which is also not susceptible to etching within the 

layers 14a, 146, 14c, and 14a* is formed of a first dielectric oxygen containing plasma. Similarly with the patterned first 

material which is not susceptible to etching within an 40 dielectric layers 14a, 146, 14c, and 14d, there are several 

oxygen containing plasma. Many dielectric materials which methods and materials which may bo employed in forming 

possess this property are known in the art of mierneleclron- the blanket firs! hard mask layer IK, where such methods rind 

ics fabrication, such dielectric materials including but not materials include but are not limited to thermally assisted 

limited to silicon oxide dielectric materials, silicon nitride evaporation methods, electron beam assisted evaporation 

dielectric materials, and silicon oxymltide dielectric mate- 45 methods, chemical vapor deposition (CVD) methods and 

rials which may be formed employing methods including physical vapor d • 1 n <!''' D) sj urn ring methods which 

but not limited to chemical vapor deposition (CVD) may be employee for forming blanket hard mask 1 ft 1 

methods, plasma enhanced chemical vapor deposition hard mask materials including but not limited to conductor 

(PECVD) methods and physical vapor deposition (PVD) hatd mask matcri Is i mi nduclor hard mask materials, 

sputtering methods. Thus, although other m thodsai t 5 ind insulator hard mask mat s Although the blanket first 

rials may be employed, the patterned first dielectric layers hard mask layer 18 may be formed employing any of several 

14<7, 146, 14c, and I4d arc preferably formed of a silicon such methods and materials as arc known in the art of 

oxide dielectric material deposited employing a chemical micimk > 11 ibrtcation, the blanket first hard mask 

vapor deposition < VD) n th d us is conventional in the art layer 18 is typically and preferably formed or a hard mask 

of microelectronics fabrication. Preferably, each of the pat- 55 material analogous or equivalent to the dielectric material 

teincd first dielectric layers 14;/. 146, 14c, and 14d so from which is named the patterned first dielectric layers 

formed is formed to a thickness of from about 5000 lo about 14a, 146, 14c, and \4d. Preferably, the blanket first hard 

9000 angstroms. Preferably, each of the first vias ISa, 156, mask layer 18 so formed is formed to a thickness of from 

or I5c has a linewidth of from about 0.2 to about 0.5 about 500 to about 2000 angstroms, 

microns. 60 Finally, there is also shown in FIG. 1 the presence of a 

Also shown in FIG. 1 formed upon the patterned first series of patterned first photoresist layers 20a, 206, 20c, and 

dielectric layers 1 4,7, 1 46, 1 4c, and 14^ and portions of the 20rf formed upon the blanket first hard mask layer 18. Within 

contact regions 12a, 126, and 12c exposed within the the first preferred embodiment of the present invention, the 

corresponding series of first vias 15a, 156 and ISc is a patterned first photoresist layers 20a, 206, 20c, and20rfmay 

blanket second dielectric layer 16. Within the preferred 65 be formed from any of several photoresist materials as are 

embodiment ol the present invention, the blanket second generally known in the art of microelectronics fabrication, 

dielectric layer 16 is formed of a second dielectric material including photoresist materials selected from the general 



i nips it' photorcsis latoria) 1 Hi) ml m 1 1 niled to 
1 isitive photoresist na rial nd i i photoresist mate- 
rials. For the prefcrrc lei i iodnra in I :1k present invention, 
ihc patterned first photoresist layers 20<», 20b, 20c, and 2<W 
arcprcfcrabl ton dot positive photoresist material is 5 
conventional in Ihc art of microelectronics fabrication, in 
r lei it issiii 1 1 i ' i i ) ibilitj Prcfe ibly, the 
patterned first photoresist layers 20;;, 206, 20c, and 20d so 
formed are formed to a thickness of from about 7000 to 
about 15000 angstroms. ]0 

Although not completely illustrated within the schematic 
cross-sectional diagram of FIG. 1, the patterned first pho- 
toresist layers 20a, 20b, 20c and 20d define a series of first 
trenches 21a, 216. and 21c leaving exposed a portion of the 
I i 1 i i 1 l i 11 r " s ii I ill g 1S 
than the areal dimension of a corresponding first via 15a, 
15ft, or 15c, while simultaneously at least partially overlap- 
ping the aseai dim nof tl r l di i 1 i l T 
156, or 15c. More preferably, as illustrated within the 
schematic cross-sectional diagram of FEG. 1, the areal 20 
dimension of each first trench 21a, 21ft, or 21c within the 
series of first trenches 2\a, 21b, and 21/> completely over- 
laps and encompasses the areal dimension of a correspond- 
ing first via 15a, 15ft, or 15c within the series of first vias 
15a, 15ft and 15c. 25 

Referring now to FIG. 2, there is shown a schematic 
cross-sectional diagram illustrating the results of further 
processing of She microelectronics fabrication whose sche- 
rnali cros i diagrai illuslral d in FIG 1 Mi vn 
in FIG. 2 is a schematic cross-sectional diagram of a 30 
microelectronics fabrication otherwise equivalent to the 
microelectronics fabrication whose schematic cross- 
sectional diagram is illustrated in FIG. 1, but wherein the 
blanket first h rd mask yer 18 has been pall rned to form 
a scries of patterned first hard mask layers 18a, 18ft, 18c, and 35 
18rf, through etching while employing a first plasma 22 in 
conjunction with the patterned first photoresist layers 20a, 
20ft, 20c, and 20d as a first photoresist etch mask layer. 
Within the preferred embodiment of the present invention, 
the first plasma 22 preferably employs an etchant gas 4 0 
composition appropriate to the material from which is 
formed the blanket first hard mask layer 18. When the 
blanket first hard mask layer 18 is formed from a silicon 
oxide dielectric material, as is preferred within the preferred 
embodiment of the present invention, the first plasma 22 45 
preferably employs a fluorine containing (such as but not 
limited to fluorocarbon containing) etchant gas composition. 
Under such circumstances, the firs! plasma 22 more prefer- 
ably employs a carbon tetra fluoride, hexafiuoroethane and 
argon containing etchant gas composition. so 

Preferably, the first plasma 22 is employed within a first 
plasma etch method which also employs: (1) a reactor 
chamber pressure of from about 2 to about 8 mlorr; (2) a 
source radio frequency power of from about 1000 to about 
2000 walls at a radio frequency of 13.56 MHZ; (3) a bias 55 
power of from about 1000 to about 2000 watts; (4) a carbon 
totrafiuoridc flow rate of from about 10 to about 20 standard 
cubic centimeters per minute (seem); (5) a hexafiuoroethane 
flow rase of from about 10 to about 20 standard cubic 
centimeters pi minute 1 m); an- >) an argon flow rate of co 
from about 100 to about 300 stand ird c ce ilimcters per 
minute (seem), for a time sufficient to form from the blanket 
first hard mask layer IS the corresponding series of pat- 
terned first hard mask layers 18a, 186, 18c and lHd. 

Referring now to FIG. 3, there is shown a schematic 65 
cross-sectional diagram illustrating the results of further 
processing of the microelectronics fabrication whose sche- 
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mafic eioss tional Siagram i llusli ted in FIG 2. Shown 
in FIG. 3 is a schematic cross-sectional diagram of a 
microelectronics fabrication otherwise equivalent to the 
microelectronics fabrication whose schematic cross- 
sectional diagram is illustrated in FIG. 2, but wherein: (1) 
the patterned first phot' dst layers 20a, 206, 20c, and 20d 
are stripped from the microelectronics fabrication; and (2) 
Ihc blanket second die lectric layer 16 is patterned to form the 
patterned second dielectric layers Nw, 166, 16c, and 16d, 
while simultaneously formin < 11 - ii first apertures 25a, 
256, and 25c which access the corresponding contact 
regions 12//, 126 and 12c, while e mploying a second plasma 
24 and at least the patterned hard mask layers 18a, 18ft, 18c, 
and 18<r/ as a second etch mask layer. 

Within the preferred embodiment of the present invention, 
the second plasma 24 is the oxygen containing plasma 
within which neither the series of patterned first dielectric 
layers 14a, 146, 14c, and 14.4 nor the blanket first hard mask 
layer 18 is susceptible to etching, but wherein the blanket 
second dielectric layer 16 is susceptible to etching. 

Within the preferred embodiment of die present invention, 
the second plasma 24 preferably employs an oxygen con- 
taining etchant gas composition comprising an oxygen con- 
taining etchant gas .selected from the group including but no I 
limited to oxygen, ozone, nitrous oxide and nitric oxide. 
More preferably, the second plasma 24 employs an oxygen 
containing etch ml 1 i g oxygen along with argon, 
where argon is employed at a sputter gas component. 
Preferably, the second plasma 24 is employed within a 
second plasma etch method which also employs; (1) a 
reactor chamber pressure of from about 2 to about 1 0 mlorr; 
(2) a radio frequency source power of from about 500 to 
about 1500 watts at a radio frequency of 13.56 MHZ; (3) a 
bias power of from about 1000 to about 2000 watts; (4) an 
oxygen flow rate of from about 10 to about 50 standard cubic 
centimeters per minute (seem); (5) an argon flow rate of 
from about 5 to about 20 standard cubic centimeters per 
minute (seem); and (<>) an optional helium and/or hexafiuo- 
roethane flow rate of from about 1 to about 5 standard cubic 
centimeters per minute (seem) each. 

Although as illustrated within the schematic cross- 
sectional diagram of FIG. 3 the patterned first photoresist 
layers 20«, 206, 20c, and 20J are stripped from the micro- 
electronics fabrication whose schematic cross sectional dia- 
gram is illustrated in FIG. 2 simultaneously with patterning 
the blanket second dielectric layer 16 to form the patterned 
second dielectric layers 16a, 166, 16c and 16d, it is also 
feasible within the present invention that the patterned first 
photoresist layers 20a, 206, 20c, and 20d may be stripped 
from the patterned first hard mask layers 18a, 186, 18c, and 
18d prior to patterning the blanket second dielectric layer 16 
to form She patterned second dielectric layers 16a, 166, 16e, 
and 16d while employing the second plasma 24. Under such 
circumstances there is typically employed for stripping the 
patterned firs! photoresist layers 20rt, 206, 20c, and 20d a 
wet chemical photoresist stripper which does not etch the 
blanket second dielectric layer 16. Aithough such an inde- 
pendent stripping of Ihc patterned first photoresist layers 
20a, 206, 20c, and 20d adds process complexity to the 
method of (he present invention, the use of the patterned first 
hard mask layers 18a, 186, 18c, and 18d alone as an etch 
mask layer in conjunction with the second plasma 24 will 
typically provide better definition of the series of first 
apertures 25a, 256, and 25e which comprise: (1) a series of 
trenches corresponding with ihc series of first trenches 21a, 
216, and 21c defined by the seiies of patterned firs! photo- 
resist layers 20a, 206, 20c, and 20d; and (2) the series of first 
vias 15a, 156, and 15c. 
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Under circums li i i ted first phot resist 

layers 20a, 20b, 20c, and 20d are stripped from the micro- 

cctroi i 1 ,i Ii ii 1 schematic cross lional di 
gram is illustrated in FIG, 2 simultaneously with etching the 
blanket second dielectric layer 16 to form the patterned s 
second dielectric layers 16a, lib, 16c, and lid, there is 
lit Isly employ* ithin 1 i rn i i ill 

I ! it invention a thiol L 111 tier photoresist 

layers 20a, 20b, 20c, and 20d such that the patterned first 

i h >toi si t 1 tyers 20a, 20b, 20c, and 20d are completely ]Q 

) i Ifi h r pondin tterned first hard mask 
I j rs IS.. 186, 18c, and 18d without need for ovcrctcbing 
the scries of pa Itemed a t iclccti 1 16a 166,16c, 

1 If r] j i i lie 'i .ii i lances ptimai la! li ten 
siona] integrity of the series c pall oed x id did ctri 
layers 16^ 166, 16c, and 16a 1 is facilitated. Similarly, the use 15 
of the argon sput ring ga i mponenl within the second 
plasma 24 also as -is n ilil lii ptin 1 lateral dimen- 
sional integrity of the patten I com lielectric layers 16n, 
lib, 16c, and lid. 

Referring now to FiG. 4, there is shown a schematic 20 
cross-sectional diagram illustrating the results of further 

cess ig 11 in> mi i el :t: ii< ih < tioi 10 schc- 
1 i s ctio Id rani is idnsiraii n FIG. 3. Shown 
in FIG. 4 is a schematic cross-sectional diagram of a 
microelectronics fabrication otherwise equivalent to the 2 s 
microelectronics fabiicalion whose schematic eross- 

1 dj m n ii n i 1 i 1 1 i * t wb II 
is formed into the ri of firsl ai erturcs25a, 25b, and 25c 
a series of patterned conductive contact stud layers 2ia, 26b, 

ii l ""ft c n i ling he resj < intact regions 12 12 
and 12c within the substrate 10. Within the preferred 
embodiment of the present invention, the series of patterned 
c id it •' con a< l !ud 1 ei s 26 t 26 > md 3" is fori I 
into the series of apertures 25a, 25b, and 25c employing a 

'ii metl 1 i ii tin ' i ic meth lankel 

iii iM t ii i the patterned - s 

hard mask layers 18a, 18b, 18c, and 18d and into She 
apertures 25a, 25b, and 25c, and subsequently planarizcd, 
typically employing an appropriate polishing method. For 
the preferred embodiment of the present invention, the 
patterned conducive contact stud layers 26a, 2ib, and 26c 40 
may be formed of any conductive maieiial which is con- 
n in 11; mpl. i i >< i ning i 1 cii\ < in t n t 
layers within the micr eel fal li a ilhin vh 
i ii, i h iii 10 Such conductive materials 

may include, but are not limited to metals, metal alloys, 45 
metal composites, metal alloy composites, doped polysili- 
con and poiycides (doped polysilk n 1 1 ide slacks), 
beneath and/or above which may optionally be formed 
barrier layers, as are conventional in the art of microelec- 
tronics fabrication. 50 

Shown also in FIG. 4 formed upon the patterned hard 
mask layers 18a, 18b, 18c, and 184 and the patterned 
conductive stud layers 26a, 26b, and 26c, is a series of 
patterned third dielectric layers 28«, 286, 28c, and 28d 
which define a series of second vias 29a, 29b, and 29c which ss 
access portions of the corresponding patterned conductive 
contact stud layers 26a, 26b, and 26c. Similarly, there is also 
shown in FIG. 4 formed upon the patterned third dielectric 
layers 28a, 28b, 28c, and 284 and portions of the patterned 
conductive contact stud layers 26c/, 266, and 26c exposed fiO 
within the corresponding vias 29a, 29b, and 29c a blanket 
fourth dielectric layer 30. In addition, there is shown in FIG. 
4 formed upon the blanket fourth dielectric layer 30 a 
blanket second hard mask layer 32. Finally, there is shown 
in FIG, 4 formed upon the blanket second hard mask layer 65 
32 a series of patlernei econd 1 esisl layers 34«, 34ft, 
34c, and 34d. 



12 

Within the preferred eml dimenl ' the present m 
the series of patterned third dielectric layers 28a, 28b, 28c, 
and 28d is preferably formed employing methods, materials 
and dimensions analogous or equivalent to the methods, 
materials and dimensions employed in forming the scries of 
patterned first dielectric layers 14a, 14b, 14c, and 14d as 
illustrated within Hi s h matk 1 rt - .-set lional diagram of 
FIG. 1. Similarly, within Ihe preferred embodiment of the 
present invention the blanket fourth dielectric layer 30 is 
preferably formed employing methods, materials and 
dimensions analogous or equivalent to the methods, 
materials, and dimensions employed in forming the blankel 

ndd 1 erll '1 1 ir I I itn 11 -In 1 
cross-seclional diagram of FIG. 1. In addition, within the 
second preferred embodiment of the present invention, the 
blanket second hard mask layer 32 is preferably formed 
employing methods, materials and dimensions analogous or 
equivalent to tin 1 bo< mater il iU nals, and dimen- 
sions employed in forming the blanket, first hard mask layer 
18 as illustrated within Ihe schematic cross-sectional dia- 
gram of FIG. 1. Finally, within the second preferred cmbodi- 
nici f ihe pi it invention, tl ri >) second photo- 
resist layers 34a, 346, 34c, and 34d is preferably formed 
employing methods, materials and dimensions analogous or 
equivalent to the methods, materials and dimensions 
employed iu forming ihe series of patterned firsl pholoresist 
layers 20a, 20b, 20c, and 20d as illustrated within the 
schematic cross-sectional diagram of FIG. 1. 

Referring now to FIG. 5, there is shown a schematic 
cross-seclional diagram illustrating the results of further 
processing of the microelectronics fabrication whose sche- 
matic cross-seclional diagram is illustrated in FIG. 4. Shown 
in FIG. 5 is a schematic cross-sectional diagram of a 
microelectronics fabrication otherwise equivalent to the 
microelectronics fabrication whose schematic cross- 
seclional diagram is illustrated in FIG. 4, but wherein the 
blanket second hard mask layer 32 has been patterned to 
form a series of patterned second hard mask layers 32a, 326, 
32c and 3>2d through etching with a third plasma 36 while 
employing the s! 1 fpati n d second photoresist layers 
34a, 34b, 34c, and 34d as a third etch mask layer, and while 
employing the blanket fourth dielectric layer 30 as an etch 
slop layer. Wi Inn 1 1 1 t red 1 b i c nt uf the present 
invention, the third plasma 36 is preferably formed employ- 
ing methods and materials tialogoi 01 equivalent lo the 
methods and materials emj "' 1 1 in I irming the first plasma 
22 as illustrated within FIG. 2. Thus, the series of patterned 
second hard mask layers 32a, 32b, 32c, and 32d as illus- 
trated in FIG. 5 is formed analogously with the scries of 
patterned first hard mask layers 18a, 186, 18c, and 18d as 
illustrated within the schematic cross-sectional diagram of 
FIG. 2. 

Referring now to FiG. 6, there is shown a schematic 
cross-seclional diagram illustrating the results of further 
processing of She microelectronics fabrication whose sche- 
matic cross-sectional diagram is illustrated in FIG. 5. Shown 
in FIG, 6 is a schematic cross-sectional diagram of a 
microelectronics fabrication otherwise equivalent to the 
microelectronics fabrication whose schematic cross- 
sectional diagram is illustrated in FIG. 5, but wherein: (1) 
the scries of patterned second photoresist layers 34a, 346, 
34c and 34d has been 5t ipped from the corresponding series 
of patterned second hard mask layers 32a, 326, 32c, and 
324' and (2) there is formed from the blanket fourth dielec- 
tric layer 30 a series of patterned fourth dielectric layers 30a, 
306, 30c, and 30d which defines a scries of second apertures 
39a, 39b and 39c which access the series of patterned 
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conductor conlact stud layers 26a, 26b, and 26c, while 
employing a fourth plasma 38 and at least the series of 
patterned second hard mask layers 32^ 32b, 32c, and 32d as 
a fourth etch mask layer. Within the preferred embodiment 
of the present invention, the fourth plasma 38 is preferably 
formed employing methods and materials analogous or 
equivalent to the methods and materiais employed in form- 
ing the second plasma 24 as illustrated within the schematic 
cross-sectional diagram of FIG. 3. Thus, the series of 
patterned fourth dielectric layers 30a ; 30/j, 30c, and 30tf as 
illustrated within the schematic crosss-scclional diagram of 
FIG, 6 is formed analogously or equivalently with the series 
of patterned second dick trie layers 16<r If, 16: 1 16d 
as illustrated within the schematic cross-sectional diagram 
of FIG. 3, 

Referring now to FIG, 7, there is shown a schematic 
cross-sectional diagram illustrating the results of further 
processing of th< i i I li s labricati n whose sche- 
matic cross-scctior.nl diagram is illustrated in FIG. 6. Shown 
in FIG 7isamici Irani i ricati n otherwise equiva- 
lent to the mien leclt lies fabri atioi .vnose schematic 
cross-sectional diagi n illu trated in FIG. 6, but wherein 
lhei i • m 1 within the series of second apertures 39rr, 
39b, and 39c a series of patterned conductive interconnec- 
tion stud layers 40a, 40A>, and 40c. Within the preferred 
embodiment of the present invention, the series of patterned 
conductive interconnection stud layers 40(7, 40t, and 40c as 
illustrated within the schematic cross-sectional diagram of 
FIG. 7 is preferably formed employing methods, materials, 
and dimensions analogous or equivalent to the methods, 
materials, and dimensions employed in forming the pat- 
terned conductive contact stud layers 26a, 26b, and 26c as 
illustrated within the schematic cross-sectional diagram of 
FIG. 4. 

Upon forming the microelectronics fabrication whose 
schematic cross-sectional diagram is illustrated its FIG. 7. 
there is formed a mici li ti nics fabrication having formed 
therein two series of low dielectric constant dielectric layers 
interposed between two series of patterned conductor layers 
which in turn are contiguous with and contacting two scries 
of patterned conductor stud layers, with attenuated process 
complexity. 

As is understood by a person skilled in the art, the 
preferred embodiment of the present invention is illustrative 
of the present invention rather than limiting of the present 
invention, Revisions and modifications may be made to 
methods, materials, structures, and dimensions through 
which may be formed microelectronics fabrications in 
accord with the preferred embodiment of She present inven- 
tion while still providing microelectronics fabrications 
formed in accord with the method of the present invention, 
as defined by the appended claims. 

What is claimed is: 

1, A method for forming a via through a dielectric layer 
within a microelectronics fabrication comprising: 

providing a substrate employed within a microelectronics 

fabrication, the substrate having a contact region 

formed therein; 
forming upon the substrate a patterned first dielectric 

layer, the patterned first dielectric layer defining a via 
si ih H 1 egi m u ,i l i c first id 

trie layer being formed of a first dielectric material 

which is not susceptible I" etching with an oxygen 

containing plasma; 
forming upon the patterned first dielectric layer a blanket 

second dielectric layer, the blanket second dielectric 
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layei u ipl lei < - t ng h p tit n< 1 in i t ii f tri 
J ivei n 1 1 lliu tin i 1 blanket cond bcl em 
layer being formed of a second dielectric material 
which is susceptible to etching within the oxygen 
containing plasma; 
forming upon the blanket second dielectric layer a blanket 
hard mask layer, the blanket hard mask layer being 
formed from a hard mask material which is not sus- 
ceptible to etching within the oxygen containing 

, plasma; 

forming upon the blanket hard mask layer a patterned 
photoresist layer, the patterned photoresist layer leav- 
ing exposed a portion of the blanket hard mask layer 
greater that an areal dimension of the via and at least 
partially overlapping the areal dimension of the via; 
etching while employing a first plasma etch method the 
blanket hard mask layer to form a patterned hard mask 
layer defining a first trench formed through the pat- 
terned hard mask layer while employing the patternc 1 
photoresist layer as a first etch mask layer, the first 
plasma etch method employing a first etch ant gas 
composition to the hard mask material from which is 
formed the blanket hard mask layer; and 
etching while employing a second plasma etch method the 

■ blanket second dielectric layer to form a patterned 
second dielectric layer having an aperture formed 
therethrough, the aperture comprising: 
a second tre in li on | idtng ith fh first In I irid 
a! least a portion of the first via, the second plasma etch 

j method employing the oxygen containing plasma. 

2. The method of claim I wherein the microelectronics 
fabrication is selected from the group consisting of semi- 
conductor imcgi i circuit n >el ironies fabrications, 
solar cell microelectronics fabrications, ceramic substrate 

; microelectronics fabrications and flat panel display micro- 
electronics fabrications. 

3. The method of claim 1 wherein the patterned first 
dielectric layer is formed from a dielectric material selected 
from the group consisting of silicon oxide dielectric 
materials, silicon nitride dielectric materials and silicon 
oxynitridc dielectric materials. 

4. The method of claim 1 wherein the blanket second 
dielectric layer is formed from a dielectric material selected 
from the group consisting of organic polymer spin-on- 

5 polymer dielectric materials and amorphous carbon dielec- 
tric materials. 

5. The method of claim 1 wherein there is not employed 
a hard mask layer interposed between the patterned first 
dielectric layer and the blanket second dielectric layer. 

,) 6. The method of claim 1 wherein the patterned photo- 
resist layer is stripped from the microelectronics fabrication 
simultaneously with etching the blanket second dielectric 
layer to form the aperture through the patterned second 
dielectric layer. 

5 7. A method for forming a patterned conductor layer 
within a micr lectroni fabricati comprising: 

providing a substrate employed within a microelectronics 
fabrication, the substrate having a contact region 
formed therein; 

o forming upon the substrate a patterned first dielectric 
layer, the patterned first dielectric layer defining a via 

ing tl ntact ion, 1 terned firs li it 
trie layer being formed of a first dielectric material 
which is not susceptible to etching with an oxygen 
s containing plasma; 

forming upon the patterned first dielectric layer a blanket 
second dielectric layer, the blanket second dielectric 
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up i ng lilt: j iu< m d first Ij cctri 

layer and filling Ihc via, the blanket second dielectric 
layer being formed of a second dieieciric material 
which is susceptible to etching within She oxygen 
containing plasma; 
forming upon the blanket second dielectric layer a blanket 
hard mask layer, the blanket hard mask layer being 
formed from a hard mask material which is not sus- 
ceptible to etching within the oxygen containing 
plasma; 

forming upon the blanket hard mask layer a patterned 
photoresist layer, the patterned photoresist layer leav- 
ing exposed a portion of the blanket hard mask layer 
greater that an arcal dimension of Ihe via arid at least 
i 1 crlappinj b> n i) ira n ion of the via; 

etching while employing a first plasma etch method, the 
blanket hard mask layer to form a patterned hard mask 
Layer defining a first trench formed through the pat- 
terned hard mask layer while employing the patterned 
photoresist layer as a first etch mask layer, the first 
plasma etch method employing a first ctchant gas 
composition to the hard mask material from which is 
formed the blanket hard mask layer; 

etching.while employing a second plasma etch method 
the blanket second dielectric layer to form a patterned 
second dielectric layer having an aperture formed 
therethrough, the aperture comprising: 
a second trench corresponding with the first trench; and 
at least a portion of the first via, the second plasma etch 
method employing the oxygen containing plasma; 
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forming into the aperture a patterned conductive stud 
layer. 

8. The method of claim 7 wherein Ihe microelectronics 
fabrication is selected from the group consisting of semi- 

5 conductor integrated circuit microelectronics Fabrications, 

i I r (Hslecircnics fabricalior cerami cbstral 

microelectronics fab tea i- n.< md flat panel display micro- 
electronics fabrications. 

9. The method of claim 7 wherein the patterned first 
dielectric layer is formed from a dielectric material selected 
from the group consisting of silicon oxide dielectric 
materials, silicon nitride dielectric materials and silicon 
oxynilride dielectric materials. 

35 10. The method of claim 7 wherein the blanket second 
dielectric layer is formed from a dielectric material selected 
from Ihe group con.' ug >| oi uric polymci spin-on- 
polymer dielectric materials am! amorphous carbon dielec- 
tric materials. 

20 11. The method of claim 7 wherein there is not employed 
a hard mask layer interposed between the patterned first 
dielectric layer and the blanket second dielectric layer. 

12. The method of claim 7 wherein the patterned photo- 
resist layer is stripped from the microelectronics fabrication 
simultaneously with etching the blanket second dielectric 
layer to form the aperture through the patterned second 
dielectric layer. 

13. The method of claim 7 wherein the patterned conduc- 
30 Sive stud layer is formed employing a damascene method. 
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ABSTRACT 



A method of closely interconnecting integrated circuits 
contained within a semiconductor wafer to electrical circuits 
surrounding the semiconductor wafer. Electrical intercon- 
nects are held to a minimum in length by making efficient 
use of polyimide or polymer as an inter-metai dielectric thus 
enabling ihe integration of very small integrated circuits 
within a larger circuit environment at a minimum cost in 
electrical circuit performance. 
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TOP LAYERS OF METAL FOR HIGH 
PERFORMANCE ICS 

[0001] This application is a continuation-in-part applica- 
tion of Ser. No. 09/216,791, filed on Dec. 21, 1908. 

BACKGROUND OF THE INVENTION 
[0002] (1). Field of the Invention 

[0003] The invention relates lo the maim [acluring of high 
performance Integrated Circuit (IC's), and more specifically 
to methods of achieving high performance of the Integrated 
Circuit byreduci ] ilanc md resistance 

of interconnecting wiring on chip. 
[0004] (2). Description of the Prior Art 
[0005] When the geometric dimensions of the integrated 
Circuits are scaled lov the cost t sdecreas i whil 
some aspects of performance are improved. The metal 
connections which connect the Integrated Circuit to other 
circuit or system components become of relative more 
importance and have, with the further miniaturization of the 
IC, an increasingly negative impact on the circuit pcrfor- 
man lite pa isiti eip.cn n 4 u:d resistance of the metal 

mance significantly. Of most concern in this respect is the 
voltage drop alon > th i * r and g md bases and the RC 
delay of the critical signal paths. Attempts to reduce the 
resistance by rising wirier metal lines result in higher capaci- 
tance of these wires. 

[0006] To solve this problem, the approach has been taken 
lo develop low resistance metal (such as copper) for the 
wires while low dielectric materials are used in between 
signal lines. 

[0007] Increased Input-Output (10) combined with 
increased demands for high performance IC's has led to the 
development of Flip Chip I sag< F;i] chip technology 
fabricates bumps (typically Pb/Sn solders) on Al pads on 
chip and interconnect the bumps directly to the package 
media, which are usually ceramic or plastic based. The 
flip-chip is bonded face down to the package medium 
through the shortest path. These technologies can be applied 
not only to singli el p 1 ging ml ilso to higher or 
integrated levels of packaging in which the packages are 
larger and to more sophisticated substrates that accommo- 
date several chips to form larger functional units. 
[0008] The flip-chip technique, using an area array, has the 
advantage of acl in k higl 1 1 nsil f int rconncc 
lion to the device and a very low inductance interconnection 
lo the package. However, pre-testability, post-bonding visual 
inspection, and TCE (Temperature Coefficient of Expan- 
sion) matching to avoid solder bump fatigue are still chal- 
lenges. In mounting several packages together, such as 
surface mounting a ceramic package to a plastic board, the 
TCE mismatch can cause a large thermal stress on the 
solder-lead joints that can lead to joint breakage caused by 
solder fatigue from temperature cycling operations. 
[0009] U.S. Pat. No. 5,212,403 (Nakanishi) shows a 
method of forming wiring connections both inside and 
outside (in a wiring substrate over the chip) for a logic 
circuit depending on the length of the wire connections. 
[0010] U.S. Pal. No. 5,501 ,006 (Gehman, Jr. et a].) shows 
a structure with an insula ing la; r bi rei n the integrated 



circuit (IC) and the wiring substrate, A distribution lead 
connects the bonding pads of the IC to the bonding pads of 
the substrate. 

[0011] U.S. Pal. No. 5,055,007 (Jacobs) discloses an 
extended integ it n s m nductor structure that allows 
manufacturers h in Med ntry beyond the chip bound- 
aries by forming a Ihin film multi-layer wiring decal on the 
support substrate and over the chip. However, this reference 
differs from the invention. 

[0012] U.S. Pat. No. 5,106,461 (Volfson ct al.) teaches a 
multi layer interconnect structure of alternating polyimide 
(dielectric) and metal layers over an IC in a TAB structure. 
[0013] U.S. Pat. No. 5,635,767 (Wonzcl ct al.) teaches a 
method for reducing R' '1", by a PBGA that separates 
multiple metal layers. 

[0014] U.S. Pal. No. 5,686,764 (Fulcher) shows a flip chip 
substrate that reduces RC delay by separating the power and 
I/O traces. 

SUMMARY OF THE INVENTION 

[0015] It is the primary objective of the present invention 
is to improve the performance of High Performance Inte- 
grated Circuits. 

[0016] Another objective of the present invention is lo 
reduce te si ive vol e droj he powei supply lines that 
connect the IC lo surrounding circuitry or circuit compo- 

[0017] Another objective of the present invention is lo 
reduce the RC delay constant of the signal paths of high 
performance IC's. 

[0018] Yet another objective of the present invention is to 
facilitate the application of IC's of reduced size and 
increased circuit density. 

[0019] Yet another objective of the present invention is lo 
further facilitate and enhance the application of low resistor 
conductor metals. 

[0020] Yet another objective of the present invention is to 
allow for increased I/O pin count for the use of high 
performance IC's. 

[0021] Yet another objective of the present invention is to 
simplify chip ass< mbl) by red King the need for re-dislri- 
bulion of I/O chip connections. 

[0022] Yet another objective of the present invention is to 
facilitate the connection of high-performance IC's to power 

[0023] Yet another objective of the present invention is to 
facilitate the connection of high-performance IC's to clock 
distribution networks. 

[0024] Yet another objective of the present invention is to 
reduce IC manufacturing costs by allowing or facilitating the 
use of less expensive process equipment and by accommo- 
dating less strict application of clean room requirements, 
this as compared lo sub-micron manufacturing require- 
ments. 

[0025] Yet another objective of the present invention is to 
be a driving force and stimulus for future system-on-chip 
designs since the present invention allows ready and cost 
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effective interconnection between functional circuits that arc 
positioned al relatively large distances from each other on 
the chip. 

[0026] Yet another objective of the present design is to 
form the basis for a computer based routing tool that 
automatically routes interconnections that exceed a pre- 
determined length in accordance with the type of intercon- 
nection that needs to be established. 
[0027] The present invention adds one or more thick 
layers of dielectric and one or more layers of wide metal 
lines on top of the finished device wafer. The thick layer of 
dielectric can, for example, be of polyimide or benzocy- 
clobutene (BCB) with a thickness of over, for example, 3 
urn. The wide metal lines can, for instance, be of aiummum 
or electroplated coppei 1'iie; layers of dielectric and metal 
lines can be used for power buses or power planes, clock 
distribution networks, critii 1 signal re-distribution of I/O 
pads for flip chip applications, and Cor long signal paths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 shows a cross section of the interconnection 
scheme of the present invention. 

[0029] FIG. 2 shows a cross section of the present inven- 
tion in a more complex circuit configuration. 

[0030] FIG. 3(7 shows the top view of a combination 
I , i ,i C igi il plane using tin pn cut nvention. 

[0031] FIG. 3/) shows the top view of a combination 
power and Y-signal plane using the present invention. 
[0032] FIG. 4 shows the top view of solder bump arrange- 
ment using the present invention and is an expanded view of 
a portion of FIG. 5. 

[0033] FIG. 5 shows the top view of an example of 
power/ground pads combined with signal pad using the 
present invention. 

[0034] FIG. 6 shows a basic integrated circuit (IC) inter- 
connect scheme of the invention. 

[0035] FIG. 7 shows an cxlcasion of the basic IC inter- 
connect scheme by adding power, ground and signal distri- 
bution capabilities. 

[0036] FIG. 8 shows an approach of how to transition 
from sub-micron metal to wide metal interconnects. 
[0037] FIG. 9 shows detail regarding BOA device fan out 
using the invention. 

[0038] FIG. 10 shows detail regarding BOA device pad 
relocation using the invention. 

[0039] FIG. 11 shows detail regaining the usage of com- 
mon power, ground and signal pads tor BOA devices using 
the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The present invention teaches an Integrated Circuit 
structure where key re-distribution and interconnection 
met layers awl di< lectric layers are added over a conven- 
tional IC. 'Ifiese re-distribution and interconnection layers 
allow for wider buses and reduce conventional RC delay. 



[0041] Referring now more specifically to FIG. 1, there is 
shown a cross section of one implementation of the present 
invention. A silicon substrate 1 has transistors and other 
devices, typically formed of poly silicon, covered by a 
dielectric layer 2 deposited over the devices and the sub- 
strate. Layer 3 indicates the totality of metal layers and 
dielectric layers that are typically created on lop of the 
device layer 2. Points of contact 6, such as bonding pads 
known in the semiconductor art, are in the top surface of 
layers 3 and arc pari of layer 3. These points of contact 6 are 
points within the IC arrangement that need to be further 
connected to surrounding circuitry, that is to power lines or 
to signal lines, A passivation layer 4, formed of for example 
silicon nitride, is deposited on top of layer 3, as is known in 
the art for protecting underlying layers from moisture, 

[0042] The key steps of the invention begin with the 
deposition of a thick layer 5 of polyimide is deposited. A 
i iern7is< p u u d etched through the polyimide layer 
5 and the passivation layer 4 where the pattern 7 i t sami 
as the pattern of the contact ponds 6. i his opens the contact 
points 6 up to the surface 8 of the polyimide layer 5. 
[0043] Electrical contact with the contact points 6 can now 
be established by lining the openings 7 with a conductor. 
The tops 9 of this metal conductor can now be used for 
connection of the IC to its environment, and for further 
integration into the surrounding electrical circuitry. Pads 10, 
11 and 12 are formed on top of the top 9 of the metal 
conductors 7; these pads can be of any design in width and 
thickness to accommodate specific circuit design require- 
ments. A larger size pad can, for instance, be used as a flip 
chip pad. A somewhat smaller in size pad can be used for 
power distribution or as a ground or signal bus. The follow- 
ing connection^ . rinstai bem i o the pads shown 
in FIG. 1: pad 10 can serve as a flip chip pad, pad 11 can 
serve as a flip chip pad or can be connected to electrical 
power or to electrical ground or (o an electrical signal bus, 
pad 12 can also serve as a flip chip pad. There is no 
connection her" < 1 li of I pads shown in FIG. 1 and 
the suggested possible electrical connections for which this 
pad can be used. Pad size and the standard rules and 
restrictions of electrical circuit design determine the elec- 
trical connections to which a given pad lends itself. 
[0044] The following comments relate to the size and the 
number of ihe contact points 6, FIG. 1. Because these 
contact points 6 are located on top of a thin dielectric (iayei 
3, FIG. 1) the pad size cannot be too large since a large pad 
size brings with it a large capacitance. In addition, a large 
pad size will interfere with the routing capability of that 
layer of metal. It is therefore preferred to keep the size of the 
pad 6 small. The size of pad 6 is however also directly 
related with the aspect ratio of via 7. An aspect ratio of about 
5 is acceptable for the consideration of via etching and via 
filling. Based on these considerations, the size of the contac! 
pad 6 can be in the order of 0.5 urn. to 3 urn, the exact size 
being dependent on ihe thickness of layers 4 and 5. 
[004S] The present invention docs not impose a limitation 
on the number of contact pads that can be included in the 
l i lit! c design require- 

ments. Layer 4 in FIG. 1 can be a typical IC passivation 

[0046] The most frequently used passivation layer in the 
present state of (he arl is plasma enhanced CVD (PECVD) 
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oxide and nitride. In creating layer 4, a layer of approxi- 
mately 0,2 um PI f ili firs followed by 
a layer of approximately 0.7 um. nitride. Passivation layer 4 
is very important because i! protects the device wafer from 
i id forcigi i inlamination. The ] o ili i > of 
this layer between the sub-micron process (of the integrated 
circuit) and the tens-micron process (of llie interconnecting 
metalization structure) is of critical importance since it 
allows for a cheaper process that possibly has less stringent 
clean room requirements for the process of creating the 
interconnecting metalization structure. 

[0047] Layer 5 is a thick polymer dielectric layer (for 
example polyimide) that have a thickness in excess of 2 um 
(after curing) flic rung of] 1 imid thickness can vary 
from 2 um. to 30 um. dependent on electrical design 
requirements. 

(HUM 3ii [ ili layer 5 the Hilachi-Dupon! 
polyimide HD 2732 or 2734 can, for example, be used. The 
polyimide can be spin-on coated and cured. After spin-on 
coating, the polyimide will be cured at 400 degrees C. for 1 
hour in a vacuum or nitrogen ambient. For thicker polyim- 
ide, the polyimide film can he multiple coated and cured. 
[0049] Another material that can be used to create layer 5 
is the polymer benzocyclobutene (BCB). This polymer is at 
this lime commercially produced by for instance Dow 
Chemical and has recently gained acceptance to be used 
instead of typical polyimide application. 

[0050] The dim< osioat oJ ipening 7 have previously been 
discussed. '1 In din 1 - i pening together with the 

dielectric thickness determine the aspect ratio of the open- 
ing. The aspect ratio hallengi th. ia etch process and the 
metal tilling capability. This .leads to a diameter for opening 
7 in the range of approximately 0.5 um. to 3.0 um. while the 
height for opening 7 can be in the range of approximately 3 
um, to 20 um. The aspect ratio of opening 7 is designed such 
that filling of (he via with metal can be accomplished, The 
via can be filled with CVD metal such as CVD tungsten or 
CVD copper, with electro-less nickel, with a damascene 
metal filling process, with electroplating copper, etc. 

[0051] It must be noted that the use of polyimide films as 
inter-level dielectrics has been pursued as a technique for 
providing partial plat rization ol li ctric surface Poly- 
imides offer the following characteristics for such applica- 

[0052] they produce surfaces in which the step heights 
of underlying features are reduced, and step slopes are 
gentle and smooth. 

[0053] they are available to fill small openings without 
producing the voids that occur when low-temperature 
CVD oxide films are deposited. 

[0054] the cured polyimide films can tolerate tempera- 
tures of up lo 500 degrees C. without degradation of 
their dielectric film characteristics. 

[0055] polyimide films have dielectric breakdowns, 
which are only slightly lower than that of Si0 2 . 



[0057] the process used lo deposit and pattern polyim- 
ii n ,i i, ii i el ii j 



[0058] For all li e chara leristics, polyimides are 
used and recommended within the scope of the present 



[0059] FIG. 2 shows how the present invention as indi- 
cated in FIG. I can he further extended lo include multiple 
layers of polyimide and, in so doing, can be adapted to a 
larger variety of applications, d'he lower level build up of 
this cross section is identical lo the build up shown in FIG. 
1 with a silicon wafer 1, the poly silicon layer 2, the metal 
and dielectric combined layer 3, the passivation layer 4, the 
polyimide layer 5 and the pads 10 deposited on top of layer 
5. The iu notion of the structure that has been described in 
FIG. 1 can bi further end I lej ling another layer 
of polyimide 14 on top of the previously deposited layer 5 
and overlaying the pads 10. Selective etching and meial 
deposition can further create contact points 12, These con- 
tact points 12 can b i tin : I ,'iih pads 10 as shown by 
connector 13, Depositing pads 12 on top of layer 14 can thus 
further extend this process, These pads 12 can be further 
customized to a particular application, the indicated exten- 
sion of multipli ,i • f pol int I s „r illy enhances the 
flexibility and usefulness of the present invention. Addi- 
tional alternating layet of pi ■ imide and metal lines and/or 
power or grout I plain ma i added above layers 12 and 
16, as needed. 

[0060] FIGS. 3<t and 3b show a top view of one possible 
use of the present invention. Interconnecting a number of 
pads 32 In hi I i iled ri ed creates sig 1 

lines 30. Additional contact points such as point 34 can 
allow signal lines to pass vertically between layers. The 
various contact points can, for instance, be created within 
the surface of a power plane or ground plane 36, The layers 
within the interconnecting metalization structure of the 
present invention can contain signal interconnections in the 
X -direction, signal interconnections in she Y-direction, sig- 
nal in It itieclions be cen X tnc oi Y directions, inter- 
connections to and/or within power and/or ground buses. 
The present invention further teaches the interconnection of 
signal lines, power and gr mnd i u 1 tween the connected 
IC's and the top oi the metalization system of the present 



[0061] FIG. 3a b tal li c formed in the X-direc- 

(ion, FIG. 3b shows signal lines formed in the Y-direction. 

[0062] FIG. 4 pres nts ei another application of the 
present invention. Shown in FIG. 4 is an exploded view of 
a part of FIG. 5 that presents an area array I/O distribution. 
FIG. 4 shows pads 41 (on which solder bumps can be 
created) and an example of a layout of the redistribution of 
the peripheral pads 41'. The exploded view of FIG. 4 is 
taken along the line 2-2' shown in FIG. 5, the redistribution 
of the peripheral pads 41' (see FIG. 4) is, for clarity of 
overview, not shown in FIG. 5, The power or ground 
connections can be made lo any point that is required on the 
bottom device. Furthermore, the power and ground planes 
can be connected to the power and ground planes of the 
package substrates, FIG. 4 shows an example of how lo use 
the topmost metal layer to redistribute the peripheral pads 
41' to become area array pads 41. The solder bumps can then 
be created on pads 41 . 

[0063] FIG. 5 shows the top surface of a plane that 
contains a design pattern of a combination of power or 
ground pads 52 and signal pacts 54. FIG. 5 shows ihe pad 
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openings in the lop dielectric layer, It is to be noted that the 
ground/power pads 52 arc heavier and larger in design 
relative to the signal pads 54. The present invention ideally 
lends itself to meeting these differences in design, as they are 
required within the art of chip and high performance circuit 
design. The number of power or ground pads 52 shown in 
FIG. 5 can be reduced is there are power and/or ground 
planes within the chip. From this i( is clear (hat the package 
number of I/O's can be reduced within the scope of the 
present invention which leads to a reduction of the package 
cost by eliminating common signal/powcr/ground connec- 
tions within the package. For instance, a 470 I/O count on a 
BGA chip can, within the scope of the present invention, be 
reduced to a 256 I/O count using the present invention. This 
result i con dei >1< savings for the overall package. 
[0064] FIG. 6 shows a basic design advantage of the 
invention. This advantage allows for the sub-micron or 
fine-lines, that run in the immediate vicinity of the metal 
layers 3 and the contact points 6, to be extended in an 
upward direction 20 through metal interconnect 7', this 
extension continues in the direction 22 in the horizontal 
plane of the metal interconnect 26 and comes back down in 
the downward direction 24 through metal interconnect 7", 
The functions and constructs of the passivation layer 4 and 
the insulating layer 5 remain as previously highlighted under 
FIG. 1 This basi d< sign id' ntagc of the invention is to 
"elevate" or "fan-out" the fine-line interconnects and to 
remove these interconnects from the micro and sub-micro 
level to a metal interconnect level that has considerably 
larger dimensions and is therefore with smaller resistance 
and capacitance and is easier and more cost effectively to 
manufacture. This aspect of the invention does not include 
any aspect of conducting line redistribution and therefore 
has an inherent qu I 1 mplicily. I! therefore further adds 
to the importance of the invention in that it makes micro and 
sub-micro wiring accessible at a wide-metal level, The 
interconnections 7 and 7" interconnect the fine-level metal 
hy going up through the passivation and polymer or poly- 
imide dielectric layers, transverses over a distance on the 
wide-metal level and continues by descending from the 
wide-metal level back down to the fine-metal level by again 
transversing down through the passivation and polymer or 
polyimide dielectric layers. The extensions that are in this 
manner accomplished need not to be limited to extending 
fine-metal interconnect points 6 of any particular type, such 
as signal or power or ground, with wide metal line 26. The 
laws of physics and electronics will impose limitations, if 
any, as to what type of interconnect can by established in this 
manner where limiting factors will be the conventional 
limiting factors of resistance, propagation delay, RC con- 
slants and others. Where the invention is of importance is 
that the invention provides much broader latitude in being 
able to apply these laws and, in so doing, provides a 
considerably extended scope of the application and use of 
Integrated Circuits and the adaptation of these circuits to a 
wide-metal environment. 

[0065] FIG. 7 shows how the basic interconnect aspect of 
the invention can further be extended to now not only 
elevate the fine-metal to the plane of the wide-metal but to 
also add power, ground arti -■ m 1 1 ributi n interconnects 
of oowcr, ground and signal planes at the wide-metal level, 
The wide-metal interconnect 26 of FIR. 6 is now extended 
to further include an interconnection with the via 21. In 
typical IC design, some pads may not be positioned in a 

to 



location from which easy fan-out can be accomplished to a 
location that is required for the next step of circuit assembly. 
In those cases, the BOA substrate requires additional layers 
in the package construction in order to accomplish the 
required fan-out. Hie invention teaches an approach that 
makes additional layers in the assembling of an IC feasible 
while not unduly increasing the cost of creating such a 
multi-layer interface. Ball formation 28 on the surface of 
interconnect 23 indicates how the invention replaces part of 
the conventional BGA interconnect function, the solder 
bum)) provides fir Hip chip assembly. This interconnect 28 
now connects the BGA device with surrounding circuitry at 
the wide-metal level as opposed to previous interconnects of 
the BGA device at the fine-metal level. The wide-metal 
interconnect of the BGA has obvious advantages of cost of 
manufacturing and improved BGA device performance. By 
being able to readily extend the witk me! il lim nsi< i it 
also becomes possible to interconnect power, ground and 
signal lines at a wide-metal level thereby reducing the cost 
and complexity of pet forming this function at the fine-metal 
level. The indication of 28 as a ball does not imply that the 
invention is limited to solder bumps for making intercon- 
nects. The invention is equally applicable to wirebonding for 
making circuit interconnects. 

[0066] FIG. S further shows a cross section wherein the 
previous linear construction of the metal interconnection 
running through the passivation layer and the insulation 
layer is now conical in form. 'Hie sub-micron metal layer 60 
is covered with a passivation layer 62, a layer 64 of 
j in d i ym i leposited o r the \ tssiva io l layer 
62. The wide metal level 66 is formed on the surface of layer 
64. The via 70 is shown as having sloping sides, these 
sloping sides can be achieved by controlling the photoli- 
thography process that is used to created the via 70. The 
etching of the polyimide or polymer can for instance be done 
under an angle of about 75 degrees with the following curing 
being done under an angle of 45 degrees. Also, a photosen- 
sitive polyimide or polymer can be used, the cone shape of 
the via 70 can in that case be achieved by variation of 
exposure combined with lime of exposure combined with 
angle of exposure. Where non -photosensitive polymer or 
polyimide is used, a wet etch can be applied that has a 
gradated faster and longer time etch as the top of the via 70 
is being approached. The layer of wide-metal pad 68 is 
deposited on the surface of the polymer or polyimide layer 
64, the wide-m al j 1 lion 68 mates with the top 
surface of the via 70 and is centered on lop of this surface. 

[0067] FIGS. 9 through 11 show further detail to dem- 
onstrate the concepts of BGA chip ball fan-out, pad reloca- 
tion and the creation of common ground, power and signal 
pads. 

[0068] FIG. 9 shows a cross section 100 of a BGA chip, 
Jive balls 101 through 105 are also shown. By using the BGA 
substrate 106 and the wiring 107 within the substrate 106, il 
is clear that ball 101 can be repositioned to location 111, ball 
102 to location 112, etc. for the remaining solder bumps 103 
through 105. It is clear that the separation of contact points 
111 through 115 is considerably larger than the separation of 
the original solder bumps 101 through 105. The BGA 
substrate 106 is the subject of the invention, this substrate 
allows for spreading the distance between the contact points 
or balls of the BGA device to a considerable degree. 
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[0069] FIG. 10 shows the concept of pad relocation. BGA 
pad 120 can be any of the contact balls 101 through 105. By 
using the BGA substrate 130 and the wiring 131 that is 
provided within the substrate, it is clear that the BGA pads 
can be arranged in a different and arbitrary sequence that is 
required for further ire itdesignorp; kaging. For instance 
contact point 101, which is on the far left side of the BGA 
device 100, is re-routed to location 121 which is on the 
second far right of the BGA substrate 130. The re-arrange- 
ments of the other BGA si >li bum] i idily be learned 
from following the wiring 130 within the substrate 131 and 
by tracing from solder bump to one of the contact points 122 
through 125 of the BGA substrate. 

[0070] FIG. 11 shows the interconnecting of BGA device 
solder bumps into common power, ground or signal pads. 
The BGA chip 100 is again shown with tlvc solder bumps 
101 through 105 l'h 1GA sul Iran 130 . ntains a wiring 
scheme that contains in this m 1' thr< firing units, one 
for each for the power, ground and signal bumps of the BGA 
device. It is clear from FIG. 11 that wire arrangement 132 
connects BGA device solder bumps 101, 103 and 105 to 
interconnect point 138 of the BGA substrate 130. It can 
further be seen that BGA device solder bump 104 is con- 
nected to interconnect point 140 of the BGA substrate by 
means of the wire arrangement 136, while BGA device 
solder bump 102 is connected to interconnect point 142 of 
the BGA substrate by means of the wire arrangement 134. 
The number of pins required to interconnect the BGA device 
100 is in this manner reduced from five to three, it is clear 
1hat for more BGA device solder bumps, as is the case for 
an actual BGA device, the numeric effect of the indicated 
wiring arrangement is considerably more beneficial. 

[0071] Some of the advantages of the present invention 

[0072] 1) improved speed of the IC interconnections 
duo to the use of wider metal lines (which results in 
lower resistance) and thicker dielectrics between the 
interconnecting lines (which results in lower capaci- 
tance and reduced RC delay). The improved speed of 
the IC interconnections results in improved perfor- 
mance of High Performance IC's. 

[0073] 2) an inexpensive manufacturing process since 
there rs no need ioi ex| n f ij nen that is typi- 
cally used in sub nicron U fabricati i there is also no 
need for the extreme clean room facilities that are 
typically required for sub-micron manufacturing. 

[0074] 3) reduced packaging costs due to the elimina- 
tion of the need for redundant I/O and multiple power 
and ground connection points that are needed in a 
typical IC packaging. 

[0075] 4) IC's of reduced size can be packaged and 
inter-connected with other circuit or system compo- 
nents without limiting the performance of the IC's. 

[0076] 5) since dependence on ultra-fine wiring is 
reduced, the use of low resistance conductor wires is 
facilitated. 

[0077] fi) structures containing more complicated IC's 
can be created because the invention allows for 
increased I/O pin count. 



[0078] 7) more complicated IC's can be created without 
the need for a significant increase in re-distribution of 
package i/O connections. 

[0079] 8) power buses and clock distribution networks 
are easier to integrate within the design of IC's. 

[0080] 9) future system-on-chip designs will benefit 
from the present invention since it allows ready and 
cost effective interconnection between functional cir- 
cuits (hat are positioned at relatively large distances 
from each other on the chip. 

[0081] 10) form the basis for a computer based routing 
tool that automatically routes interconnections that 
exceed a predetermined length in accordance with the 
type of interconnection that needs to be established. 

[0082] 11) provide a means to standardize BGA pack- 
aging. 

[0083] 12) be applicable to both solder bumps and 
wirebondiu_ foi ma! i r t , fi rther circuit interconnects. 

[0084] 13) provide a means for BGA device solder 
bump fan-out thereby facilitating the packing and 
design of BGA devices. 

[0085] 14) provide a means for BGA device pad relo- 
c it "ii then iy providin inci I U ribilil; I r the 
[i 11 >n of BGA devices, 

[0086] 15) provide a means for common BGA device 
power, ground and signal lines thereby reducing tile 
number of pins required to interconnect the BGA 
device with the surrounding circuits. 

[0087] 16) provide a means for more relaxed design 
rules in designing circuit vias by the application of 
sloped vias. 

[0088) 17) provide the means for extending a fine-wire 
interconnect scheme to a wide-wire interconnect 
scheme without the need to apply a passivation layer 
over the surface of the fine-wire structure. 
[0089] Although the preferred embodiment of the present 
invention has been illustrated, and that form has been 
described in detail, it will be readily understood by those 
skilled in the art that vaiiou i id ii it i ns may be made 
therein without departing from the spirit of the invention or 
from the scope of the appended claims. 



What is claimed is: 

1. A method for forming a lop me tali /.alio n system for 
high performance integrated circuits, comprising: 

forming an integrated circuit comprising a plurality of 
devices formed in and on a semiconductor substrate, 
with an overlaying interconnecting metalizaUoii struc- 
ture connected to said devices and comprising a plu- 
rality of first metal tines in one or more layers; 

depositing a passivation layer over said interconnecting 
metalization structure; 

depositing an insulating, separating layer over said pas- 
sivation layer that is substantially thicker than said 
passivation layer; 



Lb 



US 2002/0068441 Al 



6 



Jim, 6, 2002 



forming openings through said insulating, separating 
layer and said passivation layer to expose upper metal 
portions of said overlaying interconnecting melab'za- 
tion structure; 

depositing metal contacts in said openings; and 

forming said top metalization system connected So said 
overlaying interconnecting metalization structure, 
wherein said top metaliaalion system comprises a plu- 
rality of top metal lines, in one or more layers, each of 
said lop metal lines having a width substantially greater 
than said first metal lines. 

2. The method of claim 1 wherein the top metalization 
system connects portions of said interconnecting metaliza- 
tion structure to other portions of said interconnecting 
metalization structure. 

3. The method of claim 1 wherein said top metalization 
system comprises signal lines that arc substantially wider 
than lines in said interconnecting metalization structure. 

4. The method of claim 1 wherein said top metalization 
system comprises power planes having power buses that are 
substantially wider than lines in said interconnecting met- 
alization structure. 

5. The method of claim 1 wherein said top metalization 
system comprises ground planes having ground buses that 
are substantially wider than lines in said interconnecting 
metalization structure. 

6. The method of claim 1 wherein suit! top metalization 
system comprises planes that contain both signal lines and 
power buses that arc substantially wider than lines in said 
interconnecting metalization structure. 

7. The method of claim 1 wherein said top metalization 
system comprises planes that contain both signal lines and 
ground buses that arc substantially wider than lines in said 
interconnecting metalization structure. 

8. The method of claim 1 wherein said top metalization 
system comprises planes that contain both power buses ami 
ground buses that i substantially wider than lines in said 
interconnecting metalization structure. 

9. The method of claim 1 wherein said overlaying inter- 
connecting metali ition tru uti >mj ss electrical con- 

10. The method of claim 9 wherein the size of said contact 
poi s is within i n f approxir ' 0.3 urn. to 5.0 
am. 

11. The method of claim 1 wherein said passivation layer 
comprises Plasma Enhanced CVD (PECVD) oxide. 

12. The method of claim 1 wherein said passivation layer 
comprises Plasma Enhanced CVD (PECVD) nitride. 

13. The method of claim 1 wherein said passivation layer 
comprises a layer within the range of approximately 0.15 to 
2.0 um of Plasma Enhanced CVD (PECVD) oxide over 
which a layer within the range of approximately 0.5 to 2.0 
um PECVD nitride is deposited. 

14. The method of claim 1 wherein said insulating, 
separating layer is a pohm r dielecti 1 1 or any other 
appropriate insulating material. 

15. The method of claim 1 wherein said insulating, 
separating layer comprises polyimide. 

16. The method of claim 1 wherein said insulating, 
separating layer comprises the polymer benzocyclobutene 
(BOB). 



17. The method of claim 1 wherein said insulating, 
separating layer is of a thickness after curing within the 
range of approximately 1,0 to 30 um. 

18. The method of claim 1 wherein said insulating, 
separating layer is spin-on coated and cured. 

19. The method of claim 1 wherein said insulating, 
separating layer after said spin-on coating is cured at a 
temperature within the range of approximately 250 to 450 
degrees ( In it i ilhin I igt i ipproximately 0.5 
to 1.5 hours said curing to occur within a vacuum or nitrogen 
ambient. 

20. The method of claim 16 wherein said insulating, 
separating layer is subjected to multiple processing steps of 
spin on coaling and curing. 

21. The method of claim 20 wherein said insulating, 
separating layer after each process step of said spin on 
coating is cured at a temperature within the range of approxi- 
mately 250 to 450 degrees C. for a time within the range of 
approximately 0.5 to 1.5 hours said curing the occur within 
a vacuum or nitrogen ambient. 

22. The method of claim 1 wherein said openings have an 
aspect ratio within the range of approximately 1 to 10. 

23. The method of claim 1 wherein said metal contacts are 
selected from a group comprise sputtered aluminum, CVD 
tungsten, CVD copper, electroplated copper and electroiess 

24. The method of claim 1 wherein said metal contacts 
comprise damascene metal filling. 

25. The method of claim 1 wherein said lop metalization 
system comprises contact pads on the top metal layer 
whereby said contact pad can comprise any appropriate 
contact material, such as but not limited to tungsten, chro- 
mium, copper (electroplated or electroiess), aluminum, 
poiysilicon, or the like. 

26. The method of claim 1 wherein said top metal layer 
comprises contact pads, said contact pads comprising signal 
connection pads whereby said signal connection pads can 
comprise any appropriate contact material, such as but not 
limited to tungsten, chromium, copper (electroplated or 
electroiess), aluminum, poiysilicon, or the like. 

27. The method of claim 1 wherein said lop metalization 
system contains contact pads on the top metal layer, said 
contact pads containing signal connection pads in addition to 
power and ground connection pads whereby said signal 
connection pads can comprise any appropriate contact mate- 
rial, such as but not limited to tungsten, chromium, copper 
(electroplated or electroiess), aluminum, poiysilicon, or the 
like. 

28. The method of claim 27 wherein said signal pads are 
mounted in the periphery of said top metalization system 
and said power and ground connection pads are mounted 
within the area enclosed by said signal pads whereby said 
power and giound connection pads and said signal pads can 
comprise any appropriate contact material, such as but not 
limited to tungsten, chromium, copper (electroplated or 
electroiess), aluminum, poiysilicon, or the like. 

29. A semiconductor device structure comprising: 

a semiconductor substrate comprising semiconductor 
devices; an interconnecting metalization structure con- 
nected to said devices; 

electrical contact points on an upper top surface of said 
interconnecting i li/.al in structure and connected to 
said interconnecting metalization structure; 
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a passivation layer deposited over said interconnecting 
melalizalion structure and over said electrical contact 
points; 

an insulating la leposil cr said passivation layer 

said insulating layer being substantially thicker than 

said passivation layer; 
openings through said insulating layer and through said 

passivation layer down to the upper surface of said 

electrical contact points; 
metal conductors within said openings; and 
an upper metalization structure connected to said metal 

conductors. 

30. The method of claim 29 wherein the upper [notariza- 
tion structure connects portions of said interconnecting 
melalizalion structure to other portions of said interconnect- 
ing metalization .sliucime. 

31. The structure of claim 29 wherein said upper melal- 
izalion structure further comprises: 

a plurality of insulating layers; 

a plurality of structures of metal interconnecting lines 
formed between said insulating layers; 

a plurality of contact pads in an upper layer of said 
metalization structure; and 

a plurality of filled openings connecting said contact pads 
with one or more of said structures of metal intercon- 
necting lines further connecting said contact pads with 
said electrical contact points. 

32. The structure of claim 31 whereby said metal inter- 
connecting lines arc signal lines, and are substantially wider 
than lines in said interconnecting metalization structure. 

33. The structure of claim 31 wherein said metal inter- 
connecting lines are power buses, and arc substantially 
wider than lines in said interconnecting metalization struc- 
ture. 

34. The structure of claim 31 wherein said metal inter- 
connecting lines are ground buses, and are substantially 
wider than lines in said interconnecting metalization slruc- 

35. The structure of claim 31 wherein said metal inter- 
connecting lines are a combination of signal lines and power 
buses, and are substantially wider than lines in said inter- 
connecting metalization structure. 

36. The structure of claim 31 wherein said metal inter- 
connecting lines are a combination of power and ground 
buses, and are substantially wider than lines in said inter- 
connecting metalization structure. 

37. The structure of claim 31 wherein said metal inter- 
connecting lines are a combination of signal and ground 
buses, and arc substantially wider than lines in said inter- 
on ting metal lion slructu 

38. The structure of claim 29 wherein the size of said 
contact points is \ lin llu i 1 i i ippi mii 'lely 0.3 um. 
to 5.0 urn whereby further whereby said contact points can 
comprise any appropriate contact materia), such as but not 
limited to tungsten, copper (electroplated or electroless), 
aluminum, poiysilicon, or the like. 

39. The structure of claim 29 wherein said passivation 
layer comprises a layer within the range of approximately 
0.15 to 2.0 urn Plasma Enhanced CVD (PECVD) oxide over 



which a layer within the range of approximately 0.5 to 2.0 
urn PECVD nitride is deposited. 

40. The method of claim 29 wherein said insulating, 
separating layer is a polymer dielectric layer or any other 
appropriate insulating material. 

41. The method of claim 29 wherein said insulating, 
separating layer comprises polyimidc. 

42. The method of claim 29 wherein said insulating, 
separating layer comprises Ihe polymer benssocyclobutenc 
(BCR). 

43. The structure of claim 29 wherein said insulating layer 
is of a thickness after curing within the range of approxi- 
mately 1.0 to 30 um. 

44. The structure of claim 7.9 wherein said openings have 
an aspcel ratio within the range of approximately 1 to 10. 

45. The method of claim 29 wherein said metal conduc- 
tors within said openings through said insulating layer and 
through said passivation layer connecting said electrical 
contact pads of said top metalization structure with contact 
points of said interconnecting metalization structure are 
constructed and routed such thai each said electrical contact 
point of said interconnecting metalization structure is con- 
nected directly and sequentially with one electrical contact 
point of said top metalization structure thereby creating a 
fan-out effect for said electrical contact point of said inter- 
connecting metalization structure whereby the distance 
between said electrical contact points of said top metaliza- 
tion structure is larger than the distance between said elec- 
trical conlacl points of said interconnecting metalization 
structure by a measurable amount. 

46. The method of claim 29 wherein said the number of 
said electrical contact ] 1 1 ii upper metalization struc- 
ture can be larger than the number of said contact points of 
said interconnecting metalization structure by a considerable 
and measurable amount. 

47. The method of claim 29 wherein said metal conduc- 
tors within said openings through said insulating layer and 
through said passivation layer connecting said electrical 
contact points of said lop metalization structure with said 
contact points of said interconnecting metalization structure 
are constructed and routed such that each said electrical 
contact point of said interconnecting metalization structure 
is connected directly but not necessarily sequentially with 
one electrical contact point of said top metalization structure 
thereby creating a pad relocation effect for said electrical 
contact points of said interconnecting metalization structure 
whereby the distance between said electrical contact points 
of said top metalization structure is larger than the distance 
between said electrical contact point of said interconnecting 
metalization structure by a measurable amount whereby 
furthermore the sequence or adjacency of said electrical 
conlact points of said interconnecting metalization structure 
is not necessarily the same as the sequence or adjacency 
between said electrical conlact points of said top mctaliza- 

48. The method of claim 29 wherein said metal conduc- 
tors within said openings through said insulating layer and 
through said passivation layer connecting said electrical 
conlacl points on a top surface of said lop metalization 
slniclure with conta< points 'I said interconnecting metal- 
ization structure are constructed and routed such that func- 
tionally identical electrical conlacl points of said intercon- 
necting metalization structure are inter-connected and are 
connected with one electrical contact point or fewer elec- 
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Ideal contact points of said top metalizalion s 
thereby creating a reduction effect foi said electrical contact 
points of said interconnecting metalization structure 
whereby the number of contact points for a particular 
electrical function within said electrical contact points of 
said top metalizalion structure is smaller than Ibe number of 
said electrical contact points of said interconnecting metal- 
izalion structure by a measurable amount whereby further- 
more the sequence or adjacency of said electrical contact 
points of said interconnecting metalizalion structure is not 
necessarily the same as the sequence or adjacency between 
said electrical contact points of said Sop metalization slruc- 

49. A method for forming a top metalization system for 
high performance integrated circuits, comprising: 

forming an integrated circuit comprising a plurality of 
devices formed in and on a semiconductor substrate, 
with an ovcrla inn inlcj x ing melaii ui> i siru 
lure connected to said devices and comprising a plu- 
rality of lirsl metal lines; 

depositing an insulating, separating layer over said semi- 
conductor substrate; 

forming openings through said insulating, separating 
layer to expose upper metal portions of said intercon- 
necting melali'zalion structure; 

depositing metal contacts in said openings; and 

forming said top metalization system connected to said 
interconnecting metalization structure, wherein said 
lop metalization system comprises a plurality of lop 
metal lines, in one or more layers, having a width 
substantially greater than said first metal lines. 

50. The method of claim 49 wherein said lop metalization 
system comprises srgnal lines thai are substantially wider 
than lines in said overlaying interconnecting metalization 



tanlially wider 



58. The method of claim 49 further comprising depositing 
a passivation layer over said interconnecting metalization 



51. The method of claim 49 who 
system comprises power buses tin 
than lines in said interconnecting metalization structure. 

52. The method of claim 49 wherein said lop metalization 
system comprises ground buses that are substantially wider 
than lines in said interconnecting metalization structure. 

53. The method of claim 49 wherein said lop metalization 
system comprises planes that contain both signal lines and 
power buses that re su ilial r n in lines in said 
i Here nncctii g metalizal u stru lure 

54. The method of claim 49 wherein said top metalization 
system comprises planes that contain both signal lines and 
giound buses thai are substantially wide: than lines in sard 
overlaying interconnecting metalizalion structure. 

55. The method of claim 49 wherein said (op metalization 
system comprises planes that contain both power buses and 
Ground buses that arc substantially wider than lines in said 
overlaying interconnecting metalization structure. 

56. The method of claim 49 wherein said overlaying 
interconnecting metalization slructure comprises electrical 
contact points whereby said contact points can comprise any 
appropriate contact material, such as but not limited to 
tungsten, copper (electroplated or elect: oiess), aluminum, 
polysilicon, or She like. 

57. The method of claim 56 wherein ihe size of said 
conlacl points is within the range of approximately 0.3 urn. 
10 5.0 urn. 



59. The method of claim 58 wherein said passivation layer 
comprises Plasma Enhanced CVD (PHCVD) oxide. 

60. The method of claim 5 ; vh rein said passivation layer 
comprises Plasma Enhanced CVD (PHCVD) nitride. 

61. The method of claim 49 wherein said insulating, 
separating layer is a polymer dielectric layer or any other 
appropriate insulating material. 

62. The method of claim 49 wherein said insulating, 
separating layer is s elected from the group comprising 
polyimidc and benzocyclobutene (BCB). 

63. A method for forming a top metalization system for 
high performance integrated circuits, comprising: forming 
an integrated circuit comprising a plurality of devices 
formed in and on a semiconductor substrate, with an over- 
laying interconnecting metalizalion structure connected to 
said devices and comprising a plurality of fine-wire metal 



depositing an insulating, separating layer over said pas- 
sivation layer that is substantially thicker than said 
passivation layer; 

forming openings through said insulating, separating 
layer to expose upper metal portions of said overlaying 
interconnecting wua i/ itio > slructure; 

dep King metal eomad us penings thereby raising 
a plurality of contact points in sine; overlaying inter- 
connecting metalization slructure to the top surface of 
said insulating, separating layer thereby creating 
elevated interconnecting metalization contact points; 

forming said top metalization system connected to said 
overlaying interconnecting metalization structure, 
wherein -id j til n n syslem comprises a plu- 
rality of top wide-metal lines, in one or more layers, 
having a width substantially grealer than said fine-wire 
metal lines, wherein said lop metalizalion syslem 
directly interconnects said elevated iuleiconnecling 
metalizalion contact points thereby functionally 
u ii ling or i ntici ting lid lin- win metal int< < n 
nects with said wide-wire metal interconnects thereby 
furthermore establishing electrical interconnects 
between multiple points within said fine-wire intercon- 

64. The method of claim 63 wherein said lop metalization 
system comprises signal lines that are substantially wider 
(ban lines ii said inlert nni ling n talizaliou structure. 

65. The method of claim 63 wherein said top meialization 
system comprises power planes that are substantially wider 
Shan lines in said interconnecting metalization structure. 

66. The method of claim 63 wherein said top meialization 
system comprises ground planes that are substantially wider 
Shan lines in said ii et m ling metali .Hon slructure. 

►7. Hi wtlj f claim bereit lid passivation layer 
comprises Plasma Enhanced CVD (PECVD) oxide. 

68, The method of claim 63 wherein said passivation layer 
comprises Plasma Enhanced CVD (PHCVD) nitride. 

69. The method of claim 63 wherein said insulating, 
separaSing layer is a polymer dielectric layer or any other 
appropriate insulating material. 
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70. The method of claim 63 wherein said insulating, 
i pai ling 1 r c mi 'i.i. yin id' 

71. The method of claim 63 wherein said insulating, 
separating laj'er npri h ioJ i I cr 'ucyclobutene 
(BCB). 

72. The method of claim G3 wherein said insulating, 
separating layer is of a thickness after curing within the 
range of approximately 1 .0 to 30 urn. 

73. The method of claim 63 wherein said insulating, 
separating layer is spin-on coated and cured. 

74. The method of claim 63 wherein said openings have 
an aspect ratio within the range of approximately ! to 10. 

75. The method of claim 63 wherein said metal contacts 
is selected from the group comprising sputtered aluminum, 
OVD tungsten, OVD coppei electro] d copper, electro- 
less nickel and damascene metal tilling. 

76. The method of claim 63 wherein said openings 
through said insul iting ep ing layei have sloped sides 
and wherein each f i i rugs is widet at its lop. 

77. The method of claim 63 thereby furthermore func- 
tionally and physically extending said top meialization sys- 
tem connected to said over! i u meeting meializa- 
tion structure, wherein said top metaiization system 
comprises a plurality of ground planes, in one or more 
layers, wherein litrth ri ml crlayi inter onnccting 
meialization structure directly interconnects a multiplicity of 
ground wires said ground wires to be connected with fine- 
wire ground wires thereby functionally extending or con- 
necting said fine- 1 ire ground ire mcta i te: connects with 
said wide-wire metal ground wire interconnects contained 
within said top m ui/rli system It < b, extending the 
fine-wire ground wires as contained within the overlaying 
interconnecting meialization structure with said lop metal- 
izalion system. 



78. The melhod of claim 63 thereby furthermore func- 
tionally and physically extending said top metaiization sys- 
tem connected to said overlaying interconnecting metaiiza- 
tion structure, wherein said top meialization system 
comprises a phi ralit) i lane in one or more layers, 
wherein furthermore said overlaying interconnecting metai- 
ization struclure directly interconnects a multiplicity of 
signal wires said signal wires to be connected with fine-wire 
signal wires thereby functionally extending or connecting 
said fine-wire signal wire metal interconnects with said 
wide-wire metal signal wire interconnects contained within 
said top metal Uioi yslem thereby e; iding She fine- wire 
signal wires as contained within the overlaying intercon- 
necting metaiization structure with said top metaiization 

79. The method of claim 63 thereby furthermore func- 
tionally and phy< I 'inn i id top nclalization sys 
tern connected to said overlaying interconnecting metaiiza- 
tion structure, wherein said lop metaiization system 
comprises a plurality of power planes, in one or more layers, 
wherein furthermore said overlaying interconnecting metai- 
ization stntcture directly interconnects a multiplicity of 
power wires said power wires to be connected with fine-wire 
power wires thereby functionally extending or connecting 
said fine- wire power wire metal interconnects with said 
wide-wire metal power wire interconnects contained within 
said top melalizati s n thei j tending the fine-wire 
power wires as contained within !he overlaying intercon- 
necting metaiization struclure with said top metaiization 
system. 



RELATED PROCEEDINGS APPENDIX 
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